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PREFACE 



TO THE FIRST EDITION. 



IN the preparation of this little volume the author lays 
no claim to originality : his has been the far humbler 
task of endeavoring to express, in simple, interesting 
language, a few of the principles and practical applica- 
fcions of Chemistry. There is a large class of pupils in 
our schools who can pursue this branch only a single 
term, the time assigned to it in most institutions. They 
do not intend to become chemists, nor even professional 
students. If they wander through a large text-book, they 
become confused by the multiplicity of strange terms, 
which they cannot tarry to master, and, as the result, too 
often only " see men as trees walking." Attempts have 
been made to reach this class by omitting or disguising 
the nomenclature ; but this robs the science of its mathe- 
matical beauty and discipline, while it does not fit the 
student to read other chemical works or to understand 
their formulae. The author has tried to meet this want 
by omitting that which is perfectly obvious to the eye — 
that which everybody knows already — that which could 



lovsvvve. 
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not be long retained in the memory — and that which is 
essential only to the chemist. He has not attempted to 
write a reference-book, lest the untrained mind of the 
learner should become clogged and wearied with a multi- 
tude of detail. He has sought to make a pleasant study 
which the pupil can master in a single term, so that all 
its truths may become to him " household words." Bot- 
any, Natural Philosophy, and Physiology are omitted, 
since they are now pursued as separate branches. Un- 
usual imporiyance is given to that practical part of chemi- 
cal knowledge which concerns our every-day life, in the 
hope of bringing the school-room, the kitchen, the farm, 
and the shop in closer relationship. This work is de- 
signed for the instruction of youth, and for their sake 
clearness and simplicity have been preferred to recondite 
accuracy. If to some young man or woman ' it becomes 
the opening door to the grander temple of Nature be- 
yond, the author will be abundantly repaid for all his 
toiL 



PREFACE 



TO THE REVISED EDITION 



SIX years ago, at the solicitation of his fellow- 
teachers, the author offered this work to the pro- 
fession. Having been prepared for the use of his own 
classes, and embodying his oral instructions, it naturally 
partook of the peculiarities of that method. The desire 
was to interest pupils in scientific study. He be- 
lieyed that a chemical fact is no less a truth because 
made attractive by an imaginative garb. If thus a child 
could be won to its consideration, the intrinsic beauty of 
the subject would lure him on, and so at last he would 
come to pursue it into the labyrinths of dry, technical 
works. 

The hearty reception of the book at once and its con- 
stantly increasing sale, the demand for an entire series 
on the same plan, words of approval from educators 
whose commendation it was a great satisfaction to have 
won, the fact that several other series based upon the 
same general idea have since appeared, and, above all, 
the assurance that the books have gone int^ \:lwx^^^^ 
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of schools where science had never been taught before — 
have convinced the author of the inherent correctness 
of his view. 

A demand having arisen for the admission of the new 
nomenclature into the book, the opportunity is gladly 
taken of making such revision as the daily use of the 
work in the class-room, and the advice of others, have 
suggested. 

The author would here acknowledge his special in- 
debtedness to the many teachers who, sympathizing with 
his plan of popularizing science, have pointed out what 
they considered defects in its execution, and given him 
the benefit of such illustrations and methods as they have 
found serviceable. The value of these criticisms has 
been shown in the increased wori;h of each edition of this 
series. 

The usual authorities have been freely consulted in 
this revision. The following have been found of es- 
pecial service: Miller's Elements of Chemistry (4th 
London Edition), Tomlinson's Miller's Inorganic Chem- 
istry, Roscoe's Lessons in Chemistry (London, 1869), 
Bloxam's Metals, and Pownes's Manual of Chemistry 
(London, 1873). In addition, reference has been had to 
the works of Cooke, Draper, Nichols, Fresenius, Mus- 
pratt, Faraday, Watts, Stockhart, Moffit, Gmelin, GriflBn, 
Tyndall, Odling, Noad, Williamson, Wilson, Galloway, 
Youmans, Eegnault, Thomson, Valetin, Gregory, Porter, 
Will, and many others. 



SUGGESTIONS TO TEACIjERS. 



IT is advised that in the use of this book the topical 
method of recitation should be adopted. So far as 
possible, the order of the subjects is uniform — viz.. Source, 
Preparation, Properties, Uses, and Compounds. The 
subject of each paragraph indicates a question which should 
draw from the pupil the substance of what follows. At each 
recitation the scholar should be prepared to explain any 
point passed over during the term, on the mention of its title 
by the teacher. Such reviews are of incalculable value. 
While some are reciting, let others write upon specified 
topics at the blackboard, after which the class may criticise 
the thought, the language, the spelling, and the punctua- 
tion. Never allow a pupil to recite a lesson^ or answer a 
question, except it be a mere definition, in the language of 
the book. The text is designed to interest and instruct the 
pupil ; the recitation should aflford him an opportunity of 
expressing what he has learned, in his own style and words. 
Every pupil should keep a lecture-book, in which to record 
under each general head of the text-book all the experi- 
ments, descriptions, and general information given by the 
teacher in class. In order to accustom the scholar to the 
nomenclature, use the symbols constantly from the begin- 
ning : they may seem dull at first, but if every compound 
be thus named, a familiarity with chemical language will be 
induced that will be as pleasing as it will be profitable. If 
time will admit, in addition, have weekly essays prepared 
by the class, combining information from every attainable 
source. 



xii SUGGESTIONS TO TEACHERS. 

Ocular demonstration is absolutely necessary to any 
progress in the study of chemistry. Simple directions with 
regard to the experiments are given in the Appendix (see 
page 245) which will enable the unprofessional chemist to 
perform them readily, and, in case it is convenient for the 
pupils to work in the laboratory, will guide them in their 
investigations. The subject of Qualitative Analysis is also 
explained so clearly, and the directions are so complete 
(see page 268), that even the amateur student can grasp the 
subject and demonstrate its principles. 

Teachers desiring pleasant information to relieve the 
recitation hour, will find it in that delightful work of Dr. 
Nichols, Fireside Science, Many curious and entertaining 
stories and facts are given in a book entitled Treasures of 
the Earth, For a common work of reference. Miller's Ele- 
ments of Chemistry^ 3 vols, octavo, will be most generally 
useful. These books may be obtained of the publishers of 
this series. 
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3ntro6uction. 



•*Dead mineral matter," as we commonly call it, is instinct 
with force. Each tiny atom is attracted here, repelled there, 
holds and is held as by bands of iron. No particle is left to 
itself, but, watched by the Eternal Eye and guided by the Eter- 
nal Hand, all obey immutable law. When Christ declared the 
very hairs of our head to be numbered, he intimated a chemical 
truth, which we can now know in full to be, that the very atoms 
of which each hair is composed are numbered by that same 
watchful Providence, 



AVOGADRO'S LAW. 

^^Equal volumes of all substances, when in a state of 
gas, and under like conditions, contain the same number of 
molecules.^^ See Physics, p, 23. 
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ELEpNTS OF C^HJISTRY, 



INTRODUCTION. 

Chemistry treats of the composition of bodies and 
the specific properties* of matter. — Examples: water 
consists of two gases, hydrogen and oxygen; gold is 
yellow. 

Organic Chemistry deals with those substances 
which have been produced by life. — Examples : flesh and 
wood. Inorganic Chemistry is confined to those 
which have not been formed by life. — Examples : sand, 
glass, metals. 

An Ulement is a kind of matter which has never 
been separated into other substances. — Examples: gold, 

iron. Sixty-four elements are now known,t fifty-one of 
which are considered to be metals and thirteen non- 
metals. 

Chemical Affinity is that force which causes the 
elements of matter to unite and form new compounds. 
It acts at distances so slight as to be insensible, and upon 
the most dissimilar substances : the more dissimilar, the 

* See the Introdaction to Physics for definitions of these terms. 

t It is not probable that the list is complete, but we cannot suppose that any 
very abondant element is yet to be found. Indeed, of those made known since 
1774 (the year of the discovery of O, 01, etc.), the majority are only chemical 
curiosities.— The division into metals and non-metals is an arbitrary one, and 
not clearly defined. (See note, p. 128.) 
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stronger the union. — Example : a little potassium chlo- 
rate * and sulphur mixed in a mortar will not combine, 
but a slight pressure of the pestle will bring them within 
the range of attraction, when they will burn with a loud 
explosion. Nothing in the nature or appearance of an ele- 
ment indicates its chemical affinity, and it is only by trial 
that we can tell with what it will combine. This attraction 
is not a mere freak of nature, but a force imparted to 
matter by God himself for wise and beneficent purposes. 

Compounds y in their properties, are in general very 
unlike their elements. f — Examples : yellow sulphur and 
white quicksilver form red vermilion; inert charcoal, 
hydrogen, and nitrogen produce the deadly prussic acid ; 
solid charcoal and sulphur make a colorless liquid ; poi- 
sonous and offensive chlorine combines with the brilliant 
metal sodium to form common salt 

JjTeat and Z/ight favor chemical action, and fre- 
quently develop an affinity where it seemed to be wanting. 
The former especially, by its expansive force, tends to 
drive the elements of a compound without the range of 
old attractions and within that of new ones. — Examples : 
gun-cotton, when lying in the air, is apparently harm- 
less, but a spark of fire will produce a brilliant flash, and 
cause it to disappear as a gas : nitrate of silver in contact 
with organic matter turns black, by the action of the light. 

Solution also aids in chemical change, as it destroys 
cohesion and leaves the atoms free to unite. — Example : 
sodium carbonate J and tartaric acid mixed in a glass 

♦ " Chlorate of potash." 

t " The elements have no more likeness to the componnds which they form 
than the separate letters of the alphabet have to the words which may be made 
from them." — Miller. 

t *' Carbonate of soda." 
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will not combine, bnt tlie addition of water will cause a 
violent effervescence. 

JVomenclature . — The elements which were known 
anciently retain their former names. Those discovered 
more recently are named from some peculiarity. — Exam- 
pies : chlorine, from its green color ; bromine, from its 
bad odor. The uniform termination urn has been given 
to the lately found metals. — Examples: potassium, 
sodium. A similarity of ending in non-metallic elements 
indicates some analogy. — Examples: silicon, boron; 
iodine, bromina 

Symbots. — For the sake of brevity chemists use a 
kind of short-hand. The first letter of its English name 
is generally taken as the symbol of an element. When 
that would produce confusion, the Latin initial is sub- 
stituted, and in some cases a second letter added. — Ex- 
amples: carbon and chlorine both commence with C; 
so the latter takes CI for its symbol. Silver and silicon 
both begin with SI, hence the former assumes Ag, from 
its Latin name, Argentum. If more than one atom of an 
element be used in forming a molecule of a compound, 
this is shown by writing the number below the symbol. — 
Example: HgO indicates that in a molecule of water 
there are two atoms of hydrogen and one of oxygen. 

The Atomic Weight of an element expresses the 
proportion by weight in which it unites with other ele- 
ments. There is no chance-work in nature. No matter 
under what circumstances a compound is formed, the 
proportion of its elements is the same. — Example: the 
carbonic acid produced amid the roar of a conflagration 
or the explosion of a volcano is identical with that made 
in the quiet burning of a match. 
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In the table on page 288 are given the symbols of the 
elements, their atomic weights, etc. The metals are 
printed in Boman letters and the non-metals in italics. 
Hydrogen is taken as the unit of atomic weight. 

ConsHtutio7i of Sodies."^ — All bodies are con- 
sidered to be collections of molecules, as molecules f are 
of atoms. In some of the elementary substances the 
molecule and the atom are identical, but in many kinds of 
matter several atoms are combined to form a molecule. 
Thus the molecules of nitrogen, chlorine, and oxygen, 
contain two atoms each, and arsenic and barium four. J 
The molecule of a compound always contains two or 
more atoms. The molecule is destructible, but the atom 
is indestructible. The specific properties of a substance 
reside in the molecule, and to break up the molecule is to 
destroy the substance. A physical change goes no further 
than the molecule, and hence does not affect the integrity 
of a substance ; but a chemical change consists in a re- 
arrangement of the atoms and the formation of new 
molecules, and hence, of new properties. Whenever a 
combination then takes place it is by elementary atoms 
and not by molecules. In Physics we learned how physi- 
cal changes are caused by transformations of force with- 
out loss of energy. In Chemistry we shall see how 
chemical changes are produced by transformations of 
atoms without loss of matter. 



* The eabject of the qnantivalence of atoms is treated on page 142, as some 
knowledge of the chemical behavior of atoms is necessary fkilly to nnderste.nd its 
force. 

t A molecale is the smallest particle of a substance which can exist in a sepa> 
rate form. It is the unit of the philosopher as the atom is of the chemist. 

X See the table in Appendix, page 288, nnder Molecular Weight. 
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The Atomic Theory which lies at the basis of 
chemistry, as now understood, supposes: 

1. That each element is composed of indivisible* atoms 
which are exactly equal in size and weight. 

2. That the atomic weights represent the relative 
weights of the atoms of various kinds. 

3. That compounds are formed by the union of atoms of 
different kinds in the proportion of their atomic weights 
or multiples of them. 

4. That the molecular weight of a compound is equal 
to the sum of the atomic weights of its elements. 

A !Sina7y Compound is a union of two elements. 
In writing its symbol, we place first that of the electro- 
positive,! and then that of the electro-negative element. 
In writing the name, or in reading the symbol, the latter 
element takes the termination ide. Thus potassium and 
iodine form the compound which is written KI, and read 
potassium iodide ; sodium and chlorine, NaCl, sodium 
chloride; zinc and oxygen, ZnO, zinc oxide. J 

One atom of in a molecule forms the monoxide or 
protoxide, two the dioxide or binoxide, three of and 
two of the other element, the sesquioxide (meaning 1^), 
>and the highest number, the peroxide. Thus, 

* The atoms are termed indivlBible, as the chemist cannot break np an atom 
of O any more than the astronomer can the planet Jupiter. Yet there is no 
more reason for snpposing the elementary atom incapable of division by pro- 
cesses now unknown than that Jupiter cannot be resolved into smaller masses. 

t See these terms defined under Electricity in Fourteen Weeks In Physics. 

X There are three variations from this statement which should be noticed. 
1. Many chemists give the electro-positive element the termination ic, thus read- 
ing KI, potassic iodide. 2. The electro-negative element is often read first, 
and the word of placed between the elements ; thus EI is called the iodide of 
potapsium. 8. In the case of phosphorus, carbon, and sulphur, the termination 
uret is sometimes used instead of ide ; thus FeS is read the solphoret of iron, 
instead of iron (ferrous) sulphide or the sulphide of Iron. 
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NjO = Nitrogen Monoxide (protoxide), 
N2O2 = " Dioxide (binoxide), 
N2O3 = " Trioxide, 
NjO^ = " Tetroxide, 
NjOg = " Pentoxide. 

Acids y SaseSy and Salts. — There are two large 
classes of oxides chemically opposed to each other, termed 
ddds and hoses ; their compounds are called salts. 

The Acids are generally sour* and turn vegetable 
colors — such as the infusion of blue litmus, or of purple 
cabbage \ — to a bright red. They are named from the 
elements with which combines. The termination indi- 
cates the amount of 0, — ic representing the greater, and 
ous the lesser. — Example: sulphur forms two acids of 
different strength — sulphuric, the stronger, and sulphur- 
ous, the weaker. If an acid has been afterwards found 
containing more than the stronger, it takes the prefix 
per ; one having less than the weaker, the prefix hypo. — 
Example : chlorine combines with oxygen and hydrogen 
to form a series of acids in regular gradation. 

Hypochlorous Acid HCIO, 
Chlorous " HCIO2, 
Chloric " HCIO 3, 
Perchloric " HCIO4. 

Hydrogen by its union with different elements forms 
acids which contain no 0. These combine the names of 



* Certain acids, as well as certain bases, are insoluble in water, and hence 
have no taste. They, however, combine to form salts, which is their true test. 

t Paper tinged blue with a solution of litmus (a coloring matter obtained from 
certain lichens) should be constantly at hand in the laboratory, to determine the 
presence of a free acid. The same paper faintly reddened by vinegar, or any 
other acid, is a convenient test for the alkalies. The cabbage solution is made 
by steeping red cabbage-leaves in water, and straining the purplish liquid thus 
obtained. 
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both elements. — Example: hydrogen and chlorine form 
hydrochloric acid. 

The Sases are commonly oxides of the metals. Their 
termination, as in the acids, indicates the amount of oxy- 
gen. Thus mercury has two oxides, HgO and Hg2Q, 
termed respectively mercuric oxide and mercurous oxide; 
iron forms FeO, ferrous, and Fe203, ferric oxide. The 
alkalies* are bases which are soluble in water, have a 
soapy taste and feel, turn red litmus to blue, and red- 
cabbage solution to green, neutralize the acids and re- 
store the colors changed by them. The property which 
the adds and bases thus have of uniting with each other 
and destroying the chemical activity which either possesses 
alone, is their distinguishing trait,\ 

The Sails are compounds formed by the union of an 
acid and a base. J In naming a salt, the termination of 
the acid is changed — an ic acid forming an ate compound, 
and an ous acid an ite compound. Thus the salts of sul- 
phuric acid are called sulphates, and of sulphurous acid, 
sulphites ; of nitric acid, nitrates, and of nitrous acid, ni- 
trites. Sulphuric acid combining with ferrous oxide forms 
ferrous sulphate, and with ferric oxide, ferric sulphate. 

A Fo7inuta is an algebraic statement of the sym- 
bols and relations of several compounds. The sign H- in- 

* The alkalies are compounds of H, O and a metal. They are hence called hy- 
drooeides : as KHO (potassium hydrate, caastic potash), NaHO (sodium hydrate). 

t To a part of the purple-cabbage solution add a few drops of a solution of 
caastic potash : a green liquid will be produced. To another portion add a few 
drops of sulphuric acid : the solution will become red. Pour the red acid liquor 
into the green alkaline one, and stir the mixture : the red color at first disap- 
pears, and the whole remains green ; but on adding it cautiously, a point is 
readied at which it assumes a clear blue color. There is then no excess of acid 
or alkali ; and on evaporation, a neutral salt, potassium stUphdte^ may be obtained. 

X We shall come hereafter to substitute for this simple definition the more 
euct chemical one, that a salt is an acid in which one or more atoms of H have 
been replaced by a metal (See note, p. 44 ; reaction, p. 51 ; and nQtA%^^«^9ek^ 
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dicates a feeble attraction or a mere mixture. The sign 
= indicates conversion into. The comma or the period 
denotes a combination. The brackets and coefficients are 
used as in algebra. 

Mathematics of Chemistry. — There is a Divine 
law of harmony which runs like a golden thread through 
all nature, giving always unity and completeness. Its 
beauty and simplicity are nowhere seen more clearly 
than in the law of atomic weights. Applying the fourth 
principle of the atomic theory, we see that the atomic 
weight of any element in a compound, divided by the 
molecular weight of that compound, is the proportion of 
that element contained in it. — Example: the molecular 
weight of water, H2O, is 2 + 16=18; hence the propor- 
tion of H is f^g or ^, and of 0, \% or |. In 10 lbs. of 
HjO, there are therefore 10 x| or 8§ lbs. of 0, and 
10 X i or \\ lbs. of H.* 

Apply this principle to the solution of the following 

PROBLEMS. 

1. In a 25-lb. sack of table salt (NaCl, sodium chloride), how many 
lbs. of the metal sodium ? f 

2. In 14 lbs. of iron-rust (FejO:,), how much ? 
8. How much S is there in 2 lbs. of SO 2 ? 

4 How much S is there in 2 lbs. of H 2 SO 4 (sulphuric acid)? 

5. How much is there in 5 lbs. of H NO 3 (nitric acid) ? 

6. How much H is there in 6 lbs. of HCl (hydrochloric acid) ? 

7. How much potash (K2O) could be made from 8 lbs. of potas- 
sium (K)? J 

* This may a]80 be solved by the following proportion :— 
The atomic weight of an element : moleciUar weight of a compound : : weight 

of the element : weight of the compound. 

2 : 18 : : a? : 10 lbs. x=\\ lbs. (H). 

16 : 18 : : aj ; 10 lbs. a:=8S lbs. (O). 

t S8 : 58.6 : : a; : 26 IbB. a;=9/Tr ibo. (Na). 

$ 78 : 94 : : 8 lbs. : «. X=8A lbs. (K.0). 



II. 
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** In the de-oxidation and re-oxidation of the hydrogen in a 
single drop of water, we have before us, so far as force is con- 
cerned, an epitome of the whole of life." — Hinton. 
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THE NON-METALS. 
OXYGEN. 

Symbol, 0.. ..Alomic Weight, 16.... Specific Gravity, 1.1. 

The name Oxygen means acid-former, and was given 
because it was supposed to be the essential principle of 
all acids ; but hydrogen has since been found to be the 
true acid-maker. 

flg.t. 
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Source. — is the most abundant of all the elements — 
comprising by weight \ of the air, | of the water, | of 
all animal bodies, and about ^ of the crust of the earth. 

Preparation. — The simplest method of preparing for 
experimental purposes is to heat a mixture of potassium 
chlorate (KCIO3) and manganese dioxide (Mn02)* in a 
flask, and collect the gas over a pneumatic tub, as in the 
accompanying illustration.f 

The Seaciion, chemical change, is as follows : 



2 KCIO 




2 KC1 + 

Two molecules of potassium chlorate are converted into 
two of potassium chloride and six atoms of 0, which pass 
off as a gas. The reaction may also be represented thus : 

(Potassinm Chlorate) (Potassinm Chloride) 

2 K CI O3 = 2K CI + 

2(89 + 35.5 + 3 X 16) 2(39 + 35.5) 



25 149 




245 



The set free will be equal to //- of the potassium 
chlorate used, i. e., every 245 parts by weight (grs., oz., 
or lbs.) will yield 96 parts (grs., oz., or lbs.) of 0, and 
149 parts (grs., oz., or lbs) of KCl. 

A Curious I^act appears in this process. If the 
KCIO3 were heated alone, a very high temperature would 

* TMs Bubstance is commonly known as binoxide of manganese, and, because 
of its color, the black oxide of manganese. 

t See Appendix for directions in performing this and other experiments. 
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be necessary, which would liberate the gas rapidly, and 
often with explosive violence. If, however, we mix with 
it a little manganese dioxide, the gas will be set free at a 
much lower temperature, and may be regulated so as to 
come off a bubble at a time. At the conclusion of the 
process, the Mn02 will be found unchanged. The reason 
of this wonderful action is beyond our comprehension. 
The influence of one body over another, by its mere 
presence, is called catalysis. 

Properties. — has no odor, color, or taste. It com- 
bines with every element except fluorine. From some of 
its compounds it can be set free by the stroke of a ham- 
mer, while from others it can be liberated only by the 
most powerful means. Its union with a substance is 
called oxidation, and the product an oxide. It is a vigor- 
ous supporter of combustion. 

The following experiments will illustrate its chemical 
energy. 

1. By blowing quickly up- 
ward upon a candle, extinguish 
the flame, and leave a glowing 
wick. If this be plunged into 
a jar of 0, the coal will burst 
into a brilliant blaze. The 
experiment may be repeated 
many times before the will 
be exhausted. A new colorless a candle in o. 

gas, CO 2, called carbonic anhy- 
dride* ("carbonic acid") is formed by the combustion. 



Fig, 8. 




* An anhydride (withont hydrogen) Is a rabstance which, when dissolved in H^O 
will unite with its elements and form an acid. It is then strictly a salt in which 
H plays the part of a base, and is tailed a hydride. In this state only is it 
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A watck-«pring in O. 



Fig. 6, 



^' *• 2. Straighten a watch-spring 

^ by drawing it between the fin- 
gers. Pass one end through a 
cork, heat the other slightly 
and dip it into powdered sul- 
phur. Light this and plunge 
it into a jar of 0, holding it in 
the neck by the cork. The 
burning sulphur will ignite the 
steel, which will bum with a 
shower of fiery stars, while melted globules of the black 
oxide of iron (Fe304) will fall upon the plate below. 

3. Ignite a bit of sulphur placed 
on a stand, and invert over it a 
jar of : it will burn with a beau- 
tiful blue light, and the fumes of 
sulphurous anhydride, SO 2 ("sul- 
phurous acid ") will circle about the 
receiver in curious concentric rings. 
The gas has a pungent odor, and 
will be absorbed by the water on 
the plate, where it may be tested. 
4. Place in the bottom of a "deflagrating spoon,*' 
(see Appendix, p. 248) a little fine, dry chalk ; then wipe 
a bit of phosphorus, about the size of a pea, very care- 
fully and quickly between pieces of blotting-paper ; lay 
this upon the chalk, and, holding the spoon over a large 




Sulphur in O. 



properly termed an acid. The two compoasda are freqnently distinprnished as 
iinhydroiis (without water), and hydrated (with water). Until of late it has 
been caetomary to apply the term acid to either form. Thus CO, (carbon di- 
oxide) ifit strictly carbonic anhydride, but has been so long^ known as carbonic 
acid that its proper appellation is rarely used. The same is true uf the acids 
named in the 8d. and 4th. experiments. 
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jar of 0, ignite the phosphorus with a heated wire, and 
lower it steadily into the gas. The phosphorus will 
burst into a flood of blinding light, while dense fumes of 
phosphoric anhydride, P2O5, ("phosphoric acid'') will 
roll down the sides of the jar. 

5. Make a little tassel of zinc-foil, tip the ends with 
sulphur as in the 2d experiment, ignite and lower into a 
jar of 0. It will bum with a dazzling light, forming zinc 
oxide (ZnO). 

6. If a piece of charcoal-bark be ignited and lowered 
into a jar of 0, it will deflagrate with bright scintilla- 
tions. 

The destructive Agent of the Air. — is the 
active principle of the atmosphere. Comprising one-fifth 
of the common air, it is ever-present, and ever-waiting. 
"We gather a basket of peaches and set them aside. In a 
short time, black spots appear, and we say they are decay- 
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ing. It is only the corroding them, L e,, breaking up 
their chemical structure to form new and unpleasant ' 
compounds. To prevent this action, we place the fruit 
in a can, heat it to expel the 0, and seal it tightly. — We 
open the damper of the stove and the air rushes in. The 
immediately attacks the heated fuel. Every two atoms 
combine with an atom of C and fly off into the air as CO2. 
— We cut a finger, and soon feel the at work upon the 
quivering nerve beneath. We apply a strip of "court- 
plaster" to keep out the air and give nature an oppor- 
tunity to heal the wound.* — Our teeth decay only because 
of the action of the 0. The dentist saves them by filling 
any break in the enamel with a cement which is already 
oxidized, or with a metal, as Au or Pt, which has little 
affinity for 0. — The HgO in the cistern becomes foul and 
putrid. We uncover it ; in rushes the 0, picks up each 
atom of impurity, and sinks to the bottom. The thick 
sediment we find when it is cleaned in the spring, is but 
the ashes of this combustion.f — The blacksmith draws a 
red-hot iron from his forge. While the metal is glowing, 
the forms scales of the black oxide of iron (Fe304), 
which fly blazing in every direction. J — We wipe our knives 



* The treatment of a barn as well aa a cnt consists in the immediate exclaslon 
of the air. It is a mistake to suppose that a salve will " draw oat the fire " 
of a bum, or heal a bruise or cut. The vital force must unite the divided tissue 
by the deposit of material, and the formation of new cells. {Physiology , p. 205.) 

t " As the vessel sets sail from London, the captain fills the water-casks with 
water from the River Thames, foul with the sewage of the city, and containing 23 
different species of animalcules ; yet, in a few days, the O contained in the air 
dissolved by the HaO, will have cleansed it, and the HaO will be found sweet 
and wholesome during the voyage." 

t Quite in contrast to this pyrotechnic display is the action of the O upon the 
Fe contained in writing-fluid. At first the words are pale and indistinct, but in 
a few hours the O, noiselessly combining with the metal (see p. 212), brings out 
every letter in clear, bold characters upon the page. 
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and forks, and lay them carefully away ; but if we have 
left on them a particle of moisture, since HgO favors 
chemical change, the will find it, and corrode the 
steel.* — An animal dies, and the at once begins to re- 
move the body. The atoms which have been used to 
perform the functions of life, are separated by the 0, and 
set at liberty to enter into new combinations. 

Z9i the ^?iman System.— yfa take the air into 
our lungs. Here the bloodf absorbs the 0, and bears it 
to all parts of the body, depositing it wherever it is 
needed. Laden with this life-giving element, the vital 
fluid sweeps tingling through every artery and vein, dis- 
tends each capillary tube, sends the quick flush to the 
cheek, combines with a portion of the food thrown into 
the circulation from the stomach, breaks up every worn- 
out tissue, bums up the muscles, and sets free their force, 
until at last it comes back through the veins dark and 
thick with the products of the combustion — ^the cinders 
of the fire within us. 

Combustion and S^eat. — All ordinary processes 
of fermentation, decay, putrefaction, and fire, are pro- 
duced by a union of with a substance, and are 
only different forms of oxidation. They differ in the 
time employed in the operation. If unites rapidly. 



♦ The componnd here formed will be a higher oxide than that produced at the 
blacksmith's forge, since a portion of the O which there united with the iron 
was driven off by the heat. It will be the red oxide of iron-CPeaO,, ferric oxide), 
or common iron rust, as we see it on stoves and other utensils. 

t The blood is ftill of red corpuscles or cells containing Fe. These are so tiny, 
that a million of them cluster in the drop which will cling to the point of a 
needle. Quickly assuming a tawny hue, like the decayed leaves of autumn, 
they change so rapidly that 20,000,000 perish with every breath.— Draper. 

These cells when fresh act like little gas-bags in carrying the O through the 
body. 
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we call it iBre; if slowly, decay. Yet the process 
and the products are the same. A stick of wood 
is burned in the stove, and another rots in the 
forest, but the chemical change is identical. In the 
combination of an atom of 0, a certain amount of heat 
is produced.* Hence, the house that decays in fifty 
years, gives out as much heat during that time as if 
it had been swept off by a fierce conflagration in as 
many minutes. 

27ie M^uman Furnace . — The body is like a stove in 
which fuel is burned, and the chemical action is precisely 
like that in any other stove. This combustion produces 
heat, and our bodies are kept warm by the constant fire 
within us. We thus see why we fortify ourselves against 
a cold day by a full meal. When there is plenty of fuel 
in our human furnaces, the burns that ; but if there 
is a deficiency, the destructive must still unite with 
something, and so it combines with the flesh ; — first the 

♦ " When considerable masBefl of Iron are allowed to ruet, a distinct elevation 
of temperature is often perceived. This is seen when a heap of iron turnings 
of fi'om 10 lbs. to 20 lbs. is moistened with water and exposed to the air. A 
curious illustration of the fact was afforded during the manufacture of the Medi- 
terranean Electric Cable. The copper conducting wire of this cable was coated 
with gutta-percha ; this was covered with a serving of tar and hemp, and the whole 
was enclosed in a strong casing of iron wire. The cable as it was manufactured 
was coiled in tanks filled with water. These tanks leaked, and the water was 
therefore drawn off, leaving a quantity of cable, about 163 nautical miles in length, 
coiled into a mass about 80 feet in diameter with an eye or central space of 6 
feet ; the height of the coil was about 8 feet. Rapid oxidation took place, and 
the temperature at the centre of the coil, nearly three feet from the bottom, rose 
in four days from 66" to 79', although the temperature of the air did not exceed 66" 
during the period, and was as low as 59" part of the time. In other parts of the 
mass the heat rose so high as to cause the water to evaporate sufficiently rapidly 
to produce a visible cloud of vapor, and to give rise to apprehensions that the 
insulating power of the cable would be destroyed by the softening of the gutta- 
percha. No doubt the rise of temperature would have been still greater had it 
not been checked by the afihsion of cold water ; but the oxidation and the heat- 
ing were renewed when the cooling was discontinued. The oxidation occurred 
only on the external snrfiice of the iron wires, that portion in contact with the 
tarred hemp remaining perfectly bright "— Mn.LKR. 
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fat, and the man grows poor ; then the muscles, and he 
grows weak ; finally the brain, and he becomes crazed. 
He has simply burned up, as a candle bums out to dark- 
ness. 

^Produces Motion. — As soon as we begin to per- 
form any unusual exercise, we commence breathing more 
rapidly,— showing that, in order to do the work, we need 
more to unite with the food * and muscles. In very vio- 
lent labor, as in running, we are compelled to open our 
mouths, and take deep inspirations of 0. This increased 
fire within elevates the temperature of the body, and 
we say " we are so warm that we panf Beally it is the 
reverse. The panting is the cause of our warmth. 

During sleep the organs of the body are mostly at rest, 
except the heart. To produce this small muscular exer- 
tion very little is required. As our respiration is, there- 
fore, slight, our pulse sinks, the heat of our body falls, 
and we need much additional clothing to keep warm.f 
Thus we require not only to keep us warm, but also to 
do all our work. Cut off its supply, and we grow cold ; 
the heart struggles spasmodically for an instant, but the 
motive power is gone, and we soon die. 

Mow gives us Strength . — Our muscles, as well 
as the food from which they are formed, consist of com- 

* It is probable that a portion of our food, especially the carbonaceous, is oxi- 
dized directly without becoming an integral part of the body. The heat thus set 
free by the principle of the Conservation qf Energy (see I^ysiology, page 184) 
may be converted into mnscolar force. 

t Animals that hibernate show the same truth. The marmot, for instance, in 
summer is warm-blooded ; in the winter its pulse sinks ftom 140 to 4, and its 
heat corresponds. The bear goes to his cave in the foil, fot ; in the spring he 
comes out lean and lank. Cold-blooded animals have very inferior breathing 
apparatus. A frog, for example, has to swallow air by monthAils, as we 'do 
water. Others have no lungs at all, and breathe in a little air through the skin, 
enough barely to exist Is it dtrange they are cold-blooded f 
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plex organic bodies, and the tension of the pent-up force 
is very great. Thus in flesh, starch, sugar, etc., the mol- 
ecules are very large (see p. 100), and, when these oxidize 
into the smaller ones of water, carbonic acid, and am- 
monia, the hidden energy thus liberated gives us heat 
and strength.* It is merely the transference of force 
from one organic body to another. One decays, the other 
grows. One drops in the scale of life, the other rises. 
One loses as the other gains. As no matter is either lost 
or gained in any chemical change, so also no force is lost 
or gained, btit all must be accounted for. Action and 
reaction are equal in chemistry as in philosophy. 

The burning of the Sody by 0. — A man weigh- 
ing 150 lbs. has 64 lbs. of muscle. This will be burned 
in about 80 days of ordinary labor. As the heart works 
day and night, it burns out in about a month. So that 
we have a literal "new heart" every thirty days. We 
thus dissolve, melt away in time, and only the shadow of 
our bodies can be called our own. They are like the 
flame of a lamp, which appears for a long time the same, 
since it is " ceaselessly fed as it ceaselessly melts away." 
The rapidity of this change in our bodies is remarkable. 
Says Dr. Draper : " Let a man abstain from water and 
food for an hour, and the balance will prove he has 
become lighter." This action of 0, so destructive — wast- 
ing us away constantly from birth to death, is yet essen- 
tial to our existence. Why is this ? Here is the glorious 
paradox of life. We live only as we die. The moment 
we cease dying, we cease living. All our life is produced 

* This latent force is called a potential one, and the same force, when sensible, 
is termed a dynamic one. In the former case it is hidden and ready to burst 
out at any time ; in the latter, it is in ftiU action. Potential force is contained in 
the powder of a loaded g:iin. Dynamic force drives the bullet to the mark- 
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by the destruction of our bodies. No act can be per- 
formed except by the wearing away of a muscle. No 
thought can be evolved except at the expense of the 
brain. Hence the necessity for food to supply the con- 
stant waste of the system,* and for sleep to give nature 
time to repair the losses of the day. Thus, also, we see 
why we feel exhausted at night and refreshed in the 
morning. 

t/ie Common Scavenger. —God has no idlers in 
his world. Each atom has its use. There is not an extra 
particle in the universa The mission of oxygen, so de- 
structive in its action, is therefore essential, that every 
waste substance may be collected and returned to the 
common stock, for use in nature's laboratory. In per- 
forming this general task, its uses are most important 
and necessary. It sweetens water, it keeps the avenues 
of the body open and unclogged,f it preserves th« air 
wholesome. It becomes, in a word, the universal scaven- 
ger of nature. , Every dark cellar of the city, every recess 
of the body, every nook and cranny of creation, jBnds it 
waiting ; and the instant an atom is exposed, the oxygen 
seizes upon it. A leaf falls, and the forthwith com- 
mences its destruction. A tiny twig, far out at the end 
of a limb, dies, and the immediately begins its removal. 
A pile of decaying vegetables, a heap of rubbish, the dead 
body of an animal, a fallen tree, the houses we build for 

* Thie food mast be organic matter endowed with potential power treaenred 
up in the plant. When it is transformed into flesh, perhaps made still more 
vital in the process, we have this force standing ready to be nsed again at our 
pleasure. When we will it, the O combines with the flesh and sets free the en- 
ergy for us to apply. 

t Huxley very prettily calls O, in this connection, the " great sweeper " of the 
body, since it lays hold of all the waste matter of the system, and burning it up, 
removes it out of the way. 
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our shelter, even the monuments erected above our final 
resting-place, are all gnawed upon by what we call the 
" insatiate tooth of time." It is only the constant corro- 
sion of this destructive agent— oxygen. 

Consumption of 0. — Each adult uses daily 1^^ lbs. 
of 0. The combustion of 1 lb. of coal requires 2f lbs. 
of : so that the ship which burns 1,000 tons in crossing 
the ocean, takes out of the air 2,666 tons of 0. Suppos- 
ing the population of the earth to be 1,200,000,000, and 
each person to consume 1 lb. of ; adding as much 
more to sustain fires ; twice as much for the wants of 
animals, and four times as much for the varied processes 
of decay, the daily consumption of reaches the enormous 
sum of 4,800,000 tons (Faraday). Yet the atmosphere 
contains over one quadrillion tons, and even this vast 
aggregate is a mere fraction compared with the locked 
up in the ocean and the rock. 

HesuUs if the Air were Undiluted 0. — The 
fire element would run riot everywhere. Metal lamps 
would burn with the oil they contain. Oiir stoves would 
blaze with a shower of sparks. A fire once kindled 
would spread with ungovernable velocity, and a uni- 
versal confiagration would quickly wrap the world in 
fiame. 

OZONE. 

Ozone is an allotropic form of — L e., a form in which 
the element itself is so changed as to have new prop- 
erties. 

Source. — It is always perceived during the working of 
an electric machine, and is then called "the electric 
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Fig, 7. 




Preparing ozone. 



smell/* It has also been detected near objects just struck 
by lightning. Electricity is supposed to have something 
to do with the formation of the ozone in the atmos- 
phere. 

Preparation. — Pour a lit- 
tle ether into a jar of com- 
mon air, and stir in its 
vapor a heated glass rod. 
The will be immediately 
changed into its allotropio 
form — ozone — which can be 
recognized by its pungent 
odor. It may also be tested 
by a paper wet with a mix- 
ture of starch and potassium 
iodide (KI). The ozone sets 
free the iodine, which unites 

with the starch, forming blue iodide of starch.* At a 
temperature a little above that of boiling water, the ozone 
will turn into 0. 

Properties. — Ozone is still more corrosive than osy- 
gen. It bleaches powerfully, and is a rapid disinfect- 
ant. A piece of tainted meat plunged into a jar of it is 
instantly deodorized, and it is probable that, even in 
minute quantities, this gas exercises a powerful influence 
in purifying the atmosphere. Its over-abundance in the 
air is supposed to produce influenzas, diseases of the 
lungs, etc., and its absence to cause fevers, agues, and 
kindred diseases. 

• If a piece of the dry iodized paper be exposed upon a clear day to the open 
aii of the country, in a few minates it will assume a bluish tint. In cloudy, 
foggy weather, or in cities, this eflFect is rarely observed. — Recent experiments 
have thrown doubt on the former tests for the abundance of ozone in the atmos- 
phere, as well as the existence of antozone. Farther t«€>eaxO(x&% «s« ^^\&a5v^<^. 
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Antozone (the opposite of ozone) is always fonned 
at the same time as ozone, hut returns to ordinary 
more readily. Its distinguishing trait is its tendency to 
form clouds with 0. We notice it in the oxidation of 
phosphorus, as a white mist which remains long after the 
phosphorus oxides have been dissolved by the H2O. The 
gray smoke that lingers around chimneys, steam-engines, 
etc., is composed of antozone. 

PRACTICAL QUESTIONS. 

1. Are all acids sour ? 

2. Wliat is the difference between an ate, an Ue, and an id6 
compound ? 

3. Why does not canned fruit decay ? 

4. Where is the higher oxide formed, at the forge or in the 
pantry ? 

5. Why is the blood red in the arteries, and dark in the veins ? 

6. Do we need more O in winter than in summer ? 

7. Which would starve sooner, a fat man or a lean one ? 

8. How do teamsters warm themselves by slapping their hands 
together ? 

9. Could a person commit suicide by holding his breath ? 

10. Why do we die when our breath is stopped ? 

11. Why do we breathe so slowly when we sleep ? 

12. How does a cold-blooded animal differ from a warm-blooded 
one? 

1 3. Why does not the body bum out like a candle ? 

14. Do all parts of the body change alike ? 

15. What objects would escape combustion if the air were undi- 
luted ? 

16. How much O can be obtained from 6 oz. of KCIO;, ? 

17. How much KCIO 3 would be needed to produce 2 lbs. of O ? 

18. How much KCI would be formed in preparing 1 lb. of O ? 

19. Name a substance from which the can be set free by a 
stroke of the hammer. 

20. Name one from which the can only be liberated with 
extreme difficulty. 
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21. Is It probable that all the elements are discovered ? 

22. Is heat produced by oxidation ? 

23. What is the difference between dynamic and potential 
force? 

24. Why does running cause panting ? 

25. How does O give us force ? 

26. Does the plant produce force ? 

27. If we bum an organic body in a stove it gives off heat ; in 
the body it produces also motion. Explain. 

28. In preparing N, a thin white doud remains in the jar for a 
long time. What is it ? 
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Synjbol, N. . . .Atomic Weight, 14. . . .Specific Gravity, 0.97. 

This gas is called nitrogen because it exists in nitre. 

Sources. — IS( forms ^ of the atmosphere, and is found 
abundantly in ammonia, nitric acid, flesh,* and in such 
vegetables as the mushroom, cabbage, horse-radish, etc. 
It is an essential constituent of the valuable medicines, 
quinine and morphine, and of the potent poisons, prussic 
acid and strychnine. 

Preparation. — As the air consists 
of N and 0, the easiest method of 
obtaining the former gas is to remove 
the latter. Place in the centre of a 
deep dish of water a little stand sev- 
eral inches in height, on which a 
bit of phosphorus may be laid and 
ignited. As the fumes of phosphoric anhydride ascend, 
invert a receiver over the stand. The phosphorus will 
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Preparing N. 



* Its componndB give to bomt hair and woolen their peculiar odor. 
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consume the of the air contained in the jar, leaving 
the N. Add more HjO as that in the plate rises. It 
should occupy \ of the receiver. The jar will at first be 
filled with white fumes (P2O5), but they will be absorbed 
by the H2O in a short time. 

Properties. — All descriptions of N are of a negative 
character. It neither burns nor permits anything else to 
bum. It neither supports life nor destroys it. Yet a 
candle will not burn in it, and a person cannot breathe 
it alone and live, simply because it shuts off the life- 
giving 0. So will a person drown in HgO, not that the 
water poisons him, but because it fills his mouth, and 
shuts out the air. N has only a weak affinity for any of 
the elements. The instability of its compounds is a strik- 
ing peculiarity. It will unite with iodine, for example, 
but a brush with a feather, or a heavy step on the floor 
will set it free.* 

Uses. — delation of W io Organic Substances . 
— Four-fifths of each breath that enters our lungs is N ; 
yet it comes out as it went in,f while that portion of the 
which remains behind performs its wonderful work 
within our bodies. One-fifth of our flesh is N, yet none 
of it comes from the air we breathe. We obtain all our 
supply from the lean meat and vegetables we eat. Plants 
breathe the air through the leaves — their lungs ; yet they 



* " Like a half-reclaimed gypsy from the wilds, it is ever seeking to he free 
again ; and not content with its own freedom, is ever tempting others, not of 
gypsy hlood, to escape from thraldom. Like a bird of strong beak and broad 
wing, whose proper place is the sky, it opens the door of its aviary, and rouses 
and flutters the other and more peaceful birds, till they fly with it, although they 
soon part company."— .EWinftwrg^A Jieview. 

t There is a constant exhalation of N through the pores of the skin. This 
small amount is perhaps absorbed in the lungs, but it is of no use to the body, so 
&r as known. 
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do not appropriate any of the N obtained in this way, 
but rely upon the ammonia and the nitric acid . their 
roots absorb from the soil. N enters the stove with the 
— ^the latter unites with the fuel ; but the former, having 
no chemical attraction, passes out of the chimney. Even 
from a blast furnace, where Fe melts instantly like wax, N 
comes forth without the smell of fire upon it (p. 150). So 
inert is it, that it will not unite directly with any organic 
substance. We must all, animals and plants, depend 
upon finding it already combined in some chemical com- 
pound, and so appropriate it to our use. But even then 
we hold it very loosely indeed. The tendency of flesh to 
decompose is largely owing to the instability of the N in 
its composition. 

Dijff'erence between N and 0.* — "We see now 
how different N is from 0. The one is the conservative 
element, the other the radical. But notice the nice 
planning shown in the adaptation of the two to our 
wants. 0, alone, is too active, and must be restrained ; 
N, alone, is sluggish, and fit only to weaken a stronger 
element. "Were the air undiluted 0, our life would be 
excited to a pitch of which we can scarcely dream, and 
would sweep through its feverish, burning course in a 
few days ; were it undiluted N we could not exist a 
moment Thus we see that, separately, either element of 
the air would kill us, by excess and N by lack of action. 

and N combined. —A mixture of fiery and the 
inert N gives us the golden mean. The now quietly 



* The difference between these two gases can be best Ulastrated by having a 
Jar of each, and rapidly passing a lighted candle from one to the other; the N 
win extingnish the flame, and the O relight the coaL By dextrous management^ 
this may be repeated a score of times. 
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bams the fuel in our stoves and keeps na warm ; combines 
Titb the oil in onr lamps and gives us light; corrodes our 
bodies and gives us strength ; cleanses the air and keeps 
it fresh and invigorating; sweetens foul water and makes 
it wholesome ; works al! around and within us a constant 
miracle, yet with such delicacy and quietness that we 
never perceive or think of it until we see it with the eye 
of science. 

Compounds.— ^t/r^'r Acid, HNOg.* — SouroeB.— 
This acid is found in nature, combined with Na or K. 
It is formed in small quantities in the atmosphere by the 




Pnparinff HNO,. 

tinion of its elements during the passage of electricity, as 
in a thunder-storm, and being washed to the earth by 
rain, is absorbed by the roots of plants. 

Preparation. — It is liberated by adding a stronger acid 
to one of the nitrates. Thus if sulphuric acid (HaS04) 
and sodium nitrate be heated together in a retort, the 

• The molecnle of nitric uiliydiide Ib N.Oi : adding tbe elemeuts ot wilar, we 
hare K,0, * H>0 = t(HNO,>. or % molecules of nitric bjdride (nitric udd). In 
Ks compoondB a motil UkoB tbe place of the H: Uiaj. jdso„'S»NO,, ale. 
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salt will be decomposed and the acid can be collected in 
a receiver, cooled by dripping water. 

Properties. — It is an intensely corrosive, poisonous 
liquid.* When pure, it is coforless ; but as sold, it has 
commonly a golden tint from the presence of a lower 
oxide of N, produced by the decomposing action of the 
Ught It has been obtained in the form of briUiant 
transparent crystals (nitric anhydride), but they decom- 
pose spontaneously. In strength it is next to H2SO4. It 
was formerly called aqua-fortis, or strong water. It 
stains wood, the skin, etc., a bright yellow. It gives 
up its readily, and hence is a powerful oxidizing 
agenif 

Uses. — HNO3 ^s employed in dyeing woollen yellow, 
and in surgery for cauterizing the flesh. It dissolves 
most of the metals, and in combination with HCl forms 
aqua-regia, the usual solvent of Au. It etches the lines in 
copperplate engraving, and the beautiful designs on the 
blades of razors, swords, etc. The process is very simple* 
The surface is covered with a varnish impervious to the 
acid, and the desired figure is then sketched in the var- 
nish with a needle. The H NO3 being poured on, oxidizes 
the metal in the delicate lines thus laid bare. 



* This feet shows the power of chemical aflliiity. The bland mixture we In- 
hale at every breath is changed to a corrosive poison. 

t The following experiments Illustrate this property of HNO, : 

1. M*x equal parts of strong HNO3 and HaS0«. Place a little oil of turpen- 
tine ill a cup out-of-doors, and pour the mixture upon it at arm's length. The 
turpentine will bum with almost explosive violence. 

2. Pour very dilute HNO, upon bits of tin. Dense, red fbmes (NO,, hyponitric 
anhydride) will pass off, and the 8n will be converted into a white oxide, which 
ftimlBhes what is termed putty powder. 

?. Throw crystals of any nitrate on red-hot coals. They will deflagrate on 
account of the O which they give up to the fire. 

4. Soak a strip of blotting-paper in a solution of nitre. It will form ** touch* 
paper," and when lighted will only smoulder. 
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^trous Oxide, N2O. — Preparation. — This gaa is 
made by heating ammonium nitrate (H^NjNOa)) which 
decompoaee into HaO and NaO. {See p. 135.) 




Properties. — NqO is a colorless, transparent gas with a 
faintly sweetish taste and smell. It supports combnation 
nearly as well as 0, and many of the experiments 
ordinarily performed with that gaa will be equally bril- 
liant with N 2O. If breathed for a abort time, it prodnces 
a peculiar kind of intoxication, often attended with un- 
controllable laughter, and hence it has teceived the 
popular name of laughmg gas. The eftect soon paases 
ofE. If taken for a longer time, it causes insensibility, 
and is therefore valuable aa an ansesthetic in surgical and 
dental operations. 

J^itric Oxide, NO.— Preparation.— This gas maybe 
prepared by the action of dilute HNO3 on copper clip- 
pinga. The flaek (a. Fig. 11) will soon be filled with red 
fumes, bnt a colorless gas will collect in the jar oTer 
water. At the conclusion of the process, the flask will 
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contain a deep blue solution of copper nitrate (CU2NO3). 
By filtering and evaporating, the beautiful crystals of 
this salt may be obtained. 



Fig. 11, 




3Cu + 8HN0 




3(Cu2N03) + 4H20 + 2NO 



Preparing NO. 

Properties. — NO is a colorless, irrespirable gas with a 
disagreeable odor. Its remarkable property is its affinity 
for 0. Let a bubble escape into the air, and red fumes 
of hyponitric anhydride (NO2) will be formedl* 

Ammonia, H3N. — Source. — This gas was formerly 
called hartshorn, because in England it was made from 
the horns of the hart. It received the name ammonia^ 
by which it is now more generally known, from the tem- 
ple of Jupiter Ammon, near which sal-ammoniac, one of 
its compounds, was once manufactured. The aqua- 

* This may be illastrated etill more prettily by the following experiment :— 
Fill a email jar with water colored blae by litmas solution, and pass ap into it 
Bufflcient NO to occapy aboat one-third of the bottle ; the litmus will not change 
in color. Now allow a few bubbles of O to rise into the NO ; deep red ftimes 
will be formed, which will quickly dissolve, and the blue solution become red. 
If both the O and the NO be pure, it is possible, by cautiously adding O, to 
canae a complete absorption of both gases. If common air were used instead of 
O, only N would then remain in the jar. 
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ammonia of the shops, which is merely a atrong Bolntion 
of the gas in H2O, is obtained from the incidental pro- 
ducts of the gas-works in large quantitiea {See p. 83.) 
Its pungent odor can often be detected near decaying 
vegetable and animal matter. 

Preparation. — HsN is ordinarily prepared by heating 
gal-ammoniac with lime.* The stronger base unites with 







the CI, and sets the ammonia free. The reaction may 
be shown as follows : 



3(H.N, CI) 



CaO 



2 H3N, H2O + CaClz 

Ppoperties.— Water at C0° F. will absorb 700 times its 

own bulk of the gas-f This solution will produce a 

blister, and should, therefore, be yery much weakened 

* Thle ma; be lIlDBtrated by elmplf mixing Id a cnp eome pondered aal- 
ammonlac and Itme. when tbe ammonia may be detected by Iti odor, uid llH 
bluing of molBt red lltniiiB-paper. 

t Heat B llUle sqaa ammonia In a Florence flaxk. Dry tho vapor and collect 
In an inverted bottle, lo which la fltted a cork and tnbe, with Ihe inner eitreiiil(;f 
drawn to a One paint over tho Bplrli-lamp. In^rt the cork, aud Uien plunge tbe 
bottli: Into a vessel at imter, Tbe water wblch passes in flret will abaorb Uw 
gu 10 qnlckly as to make a partial vacaum, Into whlcb Ibe water wUl nwh to 
Tlolently aa (o prodnce a mioifttare foiuitaSn. 
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before being tasted or touched. It is a strong alkali, and 
turns the vegetable blues to green; but owing to its 
volatility this change of color is only temporary. It is, 
therefore, sometimes termed "the volatile alkalL" It 
neutralizes the most powerful acids, and forms important 
salts. Its vapor burns in with a green flame. (See 
Fig. 12.) Its test is HCl. — Example : If we bring a stopple 
wet with HCl near this gas, it will instantly reveal itself 
by a dense cloud of white fumes, ammonium chloride 
(sal-ammoniac), which floats in the air like smoke. The 
antidote of H3N is vinegar. Gaseous ammonia becomes 
liquid at a cold of —40°. 

Nascent State. — If N and H, the elements of H3N, 
be mixed in a receiver, they will not unite chemically, 
Dwing to the negative character of N. When, however, 
any substance is decomposed which contains both of 
them, as bituminous coal, flesh, etc., at the very instant 
qf their separation they will combine and form H3N, 
When elements are thus in the act of leaving their com- 
pounds, they are said to be in their " nascent state." 

PRACTICAL QUESTIONS. 

1. How could you detect any free in a jar of N ? 

2. How would you remove the product of the test ? 

3. In the experiment shown in Fig. 11, why is the gas red in the 
flask, but colorless when it bubbles up into the jar ? 

4 How much H ., N can be obtained from 3 lbs. of sal-ammoniac ? 

5. How much HgO will be formed in the process? 

6. How much CaO will be needed ? 

7. In separating N, how much air will be needed to furnish a 
gallon of the gas ? 

8. How much NgO can be made from 1 lb. of ammonium nitrate? 

9. How much nitric acid can be formed from 50 lbs. of sodium 

nitrate (NaNOa)? 

-'■''.•'. ' ■ ' ■ ' , . J 
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10. What causes flesh to decompose so much more easily than 
wood? 

11. If a tuft of hair be heated in a test tube, the liquid formed 
will turn red litmus-paper blue. Explain. 

12. Why should care be used in opening a bottle of strong H3N 
in a warm room ? 

13. What weight of N is there in 10 lbs. of HNO;, ? 

14. How much sal-ammoniac would be required to make 2 lbs. 
of HaN? 

15. GUve illaetrations of the replacement of the H in an add by 
a metal. 

16. What is the diflference between liquid ammonia and liquor 
ammoniffi? 
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Symbol, H . . .Atomic Weight, 1 Specific Gravity, .069. 

Hydbogen" means literally a generator of water. 
Preparation. — It, is always obtained by the decomposi 

Fig. IS, 




Preparing hydrogen. 



tion of H2O, of which it forms \ part hy weight. If we 
place in an evolution flask (a common junk bottle wiU 



• • •4, to ♦- * •■« V "»» - V. 
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answer) bits of Zn, and then pour through the funnel 
tube (J) H2O and H2SO4, the gas will be evolved abun- 
dantly. (See Appendix.) The reaction is as follows : 



H, SO4. + Zn 




H, + ZnSO 



The Zn simply takes the place of the Hg. The black 
specks floating in the liquid are charcoal from the zina 
The milky look is given by the zinc sulphate (white 
vitriol) which is formed. By evaporating the water, the 
crystals of this salt may be obtained. 

Properties. — H prepared in this manner has a disagree- 
able odor, from various impurities in the materials used. 
"When pure, it is, like 0, colorless, transparent, and odor- 
less. H has the greatest diffusive power of any element ; 
and in attempts made to liquefy the gas, it leaked 
through the pores of the thick iron cylinders in which 
it was compressed. It is the Lightest of all bodies, being 
only ^ as heavy as common air. It is not poisonous, 
although, like N, it will destroy life or combustion by 
shutting out the life-sustainer, 0. When inhaled, it 
gives the voice a ludicrously shrill tone. It can be 
breathed for a few moments with impunity, if it be first 
passed through lime-water to purify ii (See Pig. 13.) 
Owing to its lightness, it passes out of the lungs again 
directly. Its levity suggested its use for filling balloons,* 



* We read In accoants of fStes at Paris, of balloonB in^enioQHly made to repre- 
sent yarioas animals, so that aerial hunts are devised. The animals, however, 
persistently insist npon ascending with their feet up — a circamstance productive 
of great mirth in the crowd of spectators. 
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Candle in H. 



and it has been employed for that purpose; but coal 
gas, which contains much H, and is cheaper, is now 
preferred. 

Combustion of H. — A lighted candle, plunged into 
an inverted jar of H, is extinguished, while 
the gas itself takes fire, and bums with a 
feeble flame. One atom of the of the 
air unites with two atoms of the H, and 
the product of the combus- 
tion is HgO, which may be 
condensed on a cold tum- 
bler, held over a jet of the 
burning gas. (See Fig. 16.) 
The Philosopher's Lamp (see 
Fig. 15) is a more simple 
means of illustrating the properties of H. 

Mixed Gases. — A mixture of two 
parts, by measure, of H, with one part of 0, or 
five parts of common air, when ignited, will 
explode violently.* The heat generated by 
the union of Hg and 0, expands into steam 
the drop of H2O thus formed. Immediately 
after, the steam being condensed, a vac- 
uum is produced and the particles of air rushing in to 
fill the empty space, by their collision against each other, 
cause the deafening sound. While the detonation is 
so great, the force is slight, as may be shown by explod- 
ing, in the hand, soap-bubbles blown with the gases, H 




Th^ PhUoao- 
pher'aLamp. 



* The H gun— which ia simply a tin tube, closed at one end, and provided with 
a cork at the other, having a priming-hole at the side— is used to illustrate this 
f ict. It may be filled over the Philosopher's Lamp when that is not ignited. 
Ttfe gis is allowed to pass in until the gun is about a fifth full, as nearly as one 
can gnesB, when the gun is removed and the gases ignited at the priming-hole. 
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H,0 mmed by bunting H. 

and may be mingled in the right proportion for combuB- 
tion, and though kept for jeara, there will be no chiuige 




TtoHftrrinii fOKt, 



fig IS. 
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The different atoms lie against one another qnietly, with 
no manifestation of their chemical afSaity, until sud- 
denly, at the contact of the mereat spark of fire, thej 
rush together with a crash like thunder, and uniting, 
form the bland, passive liquid — water. 
Action of Spongy !Ptattnunt. — A piece of spongy 
platinum placed in a jet of H will ig- 
nite it. This curious effect seems to be 
produced in the following way: The 
atoms of H and the of the air are 
brought so closely together in its minute 
pores that they unite, and the heat thus 
generated seta hre to the gas. This 
action 18 nicely shown by the instru- 
ment represented in Fig 18. It was 
zwfterei Zumn • formerly used bj chemists as a conven- 
ient way of obtainmg a light in the 
laboratory Friction matches ha\e superseded this inge- 
nious invention 

Ifeat of Sumtng H.— A hydrogen flame gives lit- 
tle light, but great heat. In H and 0, existing as gases, 
there is stored a vast amount of latent energy. (Phtfsics, 
pp. 36, 185.) When they unite by chemical afBnity, this 
force is set free. " In the union of 16 lbs. of and two 
of H, sufficient potential force is developed to raise 
40,000,000 lbs. a foot high." 
Mydroffen 2'ones. \ — A singular illustration of the 

* Z Is a piece or zinc snapended In ■ mlitnre of H,SO, uid H.O. At Uie top 
le ■ Blop^^Dck, b; tnmlng wbich the gse ia alloved to p«sB oat from the le- 
Felver/. li Mrikee D|>oii s piece of spongy platinum, and Ignites wltb & Bllgbt 

f AnoUier illDBlTBtlon ot »lnelDg hydrogen may be repreeenled In the foUow- 
Ing mumner : Make a jar ol heavy Un, in the tbnu or a doable cone, 13 inchea 
long aod 4 tnchea In dlameler. At oub apex fit a noule and cork; atUuothei^ 
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laws of sound can be given by simply holding a long 
glass tube, by means of a suitable clamp, over a minute 
jet of burning H. 
At first no effect 
will be produced; 
but as we slowly 
introduce the jet 
further and fur- 
ther into the tube, 
a faint sound is 
heard, apparently 
in the far-off dis- 
tance. It gradu- 
ally approaches, 
and finally bursts 
into a shrill, con- 
tinuous, musical 
note — the key- 
note of the heated 
column of air 
within the tube. 
The flame is mo- 
mentarily extin- 
guished and r e- 
lighted with a 
slight explosion, 
the rapid repetition of which is supposed to produce 

make several minnte openings. Cover the holes with sealing-wax, and draw 
the cork ; then fill the jar with H, and replace the cork. When ready for use, 
iiold the jar in a vertical position, remove the wax A*om at least one orifice, 
ignite the H at that point, and draw the cork. Still hold the jar quietly, and in a 
minnte or two the tiny jet of H will begin to sing like a swarm of mosquitoes, 
buzzing and humming in a most aggravating way until, unexpectedly, the sciev 
tiflc music ends in a loud explosion. 




Hydrogen tones. 
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the musical note. Indeed, the explosions may be made 
so slow that the quivering of the flame can be seen^ 
and the sound cease to be continuous as before. Let 
us now place the tube at a point where no clapping 
of hands or unusual sound will start it into mmg. Let 
yarious tones be produced from a violin, and we shall 
find the flame responding only to that tone which is the 
key-note of the tube, or its octave. The violin player 
will have perfect control of this scientific music, and can 
start, stop, or throw it into violent convulsions, even 
across a large hall. Tubes of different sizes and lengths 
will give tones of diverse character and pitch.* The 
waves of sound from the instrument augmenting or in- 
terfering with those in the tube probably produce these 
phenomena. (See Physics, p. 141.) 

WATER. 

The compositiok of HgO is proved by analysis and 
synthesis — i, e., by separating the compound into its 
elements, and by combining the elements to produce the 
compound. We can analyze it in the manner already 
shown in preparing H, or by passing through it a gal- 
vanic current, when the will appear in bubbles of gas 
at the positive pole, and the H in a similar way at the 
negative. In the synthetic method, we mix the two 
gases, and unite them as we have before by an electric 
spark. The blacksmith decomposes water when he sprin- 
kles it on the hot coals in his forge. The H bums with a 

♦ The singing of the hydrogen flame may be illaetrated more simply by hold- 
ing the beaks of broken retorts, or large tabes of any kind, over the flame of the 
FhiloBopher*B Lamp. Jets of different sizes may be made by drawing out glass 
tubing over the spirit-lamp. 



WA TER. 



57 



Fig. go. 




Analysis qf water. 



pale flame, while the in- 
creases the combustion. Thus, 
in a fire, if the engines throw 
on too little water, it may be 
decomposed, and add to the 
fury of the flame.* To " set 
the North Eiver on fire^' is 



only a poetical exaggeration. 

The quantity of electricity 
required to decompose a sin- 
gle grain of water is estimated to be equal to a power- 
ful flash of lightning. The enormous force necessary to 
tear these two elements from each other shows the won- 
derful strength of chemical attraction, f We thus see, that 
in a tiny drop of dew there slumbers the latent power of 
a thunderbolt. 

Tfaler in the oinimal TforM. — The abundance 
of water very forcibly attracts the attention. It composes 
perhaps | of our flesh and blood. Man has been facetiously 
described as 12 lbs. of solid matter wet up in six pails of 
water. All plumpness of flesh, and fairness of the cheek, 
are given by the juices of the system. A few ounces of 
water and a little charcoal constitute the principal chemi- 
cal difference between the round, rosy face of sixteen. 



♦ " No more beat ie produced by tbe action of tbe HaO, but it is in a more avail- 
able form for communicating heat The steam in contact with incandescent 
charcoal is decomposed— the O going to the C to form CO a, and the H being set 
flree. If the C is abundant, and the heat high, the CO, is also decomposed, and 
double its volume of CO formed. The inflammable gases, H and CO, mingled 
with the hydrocarbons always produced, are ignited, making the billows of flame 
which sweep over a burning building."— S. P. Shabples. 

t The force needed to separate them becomes latent in the gases as a potential 
force, and when they are bnmed at any time will be set firee as Bensible heat— 
a dynamic force. 



\ 
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and the wrinkled, withered features of three-score and 
ten. To supply the constant demand of the system for 
water, each adult, in active exercise, needs about three 
pints per day, or over half a ton annually. (See Phys- 
iology y p. 220.) When we pass to lower orders of animals, 
we find this liquid still more abundant. Sunfishes are 
little more than organized water. Professor Agassiz 
analyzed one found off the coast of Massachusetts, which 
weighed 30 lbs., and obtained only half an ounce of dried 
flesh. Indeed, naturalists state that an entire class of 
animals (hydrozoa), to which belong the jelly-fish, medusa, 
etc., is composed of only ten parts in a thousand of solid 
matter. (See Zoology, p. 269.) 

Water in the Yegetable World. — In the vege- 
table world we find it abundant. Wood is composed of 
6 parts charcoal and 5 parts water, with a little mineral 
matter comprising the ashes. Bread is half water ; and 
of the potatoes and turnips cooked for our dinner, it 
comprises 75 parts of one and 90 of the other. The fol- 
lowing table shows the proportion in common vegetables, 
fruits, and meats : 

Mutton 71 Trout 81 Cabbage 92 

Beef 74 Apples 80 Cucumbers.. . .97 

Veal 75 Carrots 83 Watermelons .98 

Pork 76 Beets 88 

Water in the Mineral World. —Bodies in which 
the water is chemically combined in definite proportions, 
are often called hydrates. In the image which the Italian 
pedler carries through our streets for sale, there is nearly 
1 lb. of H2O to every 4 lbs. of plaster of Paris. One- 
third of the weight of any ordinary soil is this same 
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liquid. Each pound of strong nitric acid copitains 2| oz. 
of water, which, if removed, would destroy the acid itself. 
If we expel the water from oil of vitriol, it will lose its 
acid properties, and we can handle it with impunity. In 
bodies which are capable of crystallizing, it seems to 
determine the form and general appearance, and is called 
"the water of crystallization.'' If we evaporate this from 
blue vitriol, it will lose its color and become white like 
flour.* A few drops of H2O will restore the blue. If we 
expel this from alum, it will puff up, and the transparent 
crystals will dry into an incoherent mass. Many salts 
effloresce, i. e,, part with their water of crystallization on 
exposure to the air, and crumble into a white powder. 

Water as a Solvent, — Water, having no taste, col- 
or, or odor itself, is perfectly adapted to be the universal 
solvent. It becomes at pleasure sweet, sour, salt, bitter, 
nauseous, and even poisonous. Had water any taste, the 
whole science of cookery would be changed, since each 
substance would partake of the one universal watery 
flavor. 

^^re Water. — Rain-water, caught after the air is 
thoroughly cleansed by previous showers, and at a dis- 
tance from the smoke of cities, is the purest natural 
water known. It is tasteless, yet its insipidity makes it 
seem to us very ill-flavored indeed. We have become so 
accustomed to the taste of the impurities in hard water, 
that they have become to us tests of its sweetness and 
pleasantness. 

Siver Watery though it may have less mineral mat- 

* This may be easily shown by filling the bowl of a tobacco-pipe with crystals 
of the salt, and heating them over a lamp or in the fire until the water of crys- 
tallization is expelled. Alum may be made anhydroaa in \3i« «»&& ^"v^i > 
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ter than spring water, is often unfitted for drinking on 
account of the organic matter it contains. Happily, run- 
ning water has in itself a certain purifying power, owing 
to the air which it holds in solution ; so that, paradoxical 
as it may seem, organic substances are burned in it as cer- 
tainly as they would be in a stove. Still, in order to avoid 
any danger, river water should be filtered through char* 
coal or sand before usinff.* ^, _ 

JSTard Jfater. — As water percolates through the 
soil into our wells, it dissolves the various mineral mat- 
ters characteristic of the locality. The most abundant 
of these are lime,f salt, and magnesia. The former pro- 
duces a fur or coating on the bottom of our tea-kettles, 
if we live in a limestone region. When we put soap in 
such water, it curdles — i. e., it unites with the lime (CaO), 
forming a new, or lime soap, which is insoluble in H2O. 
H2O containing an excess of mineral matter is unwhole- 
some ; yet it is probable that the sparkling hard waters 
of the limestone districts are relished, not only because 
they are pleasant to the eye and agreeable to the taste, 
but on account of some hygienic properties in the excess 
of CO 2 they contain, and possibly because the CaO acts 
medicinally on the system. J 

* A weak eolation of potaBBinm permanganate is an excellent test of the 
presence of organic matter. Place the water to be examined in a glass, and add 
a little permanganate ; if organic matter is present the violet permanganate solu- 
tion is decolorized as &8t as added until all the organic matter is oxidized. 

t It is a fact worthy of note that lime and oxide of iron, which are fi^nently 
found in HaO, the latter generally in minute quantities, are both healthftU; while 
the oxides of the other metals are poisonous. Were zinc or barium, for instance, 
as common near our homes as iron or calcium, wholesome drinking water would 
be rarely, if ever, found. By a wise arrangement of an ever-watchftil Provi- 
dence, those dangerous metals are rare, and hidden far from the haunts of man. 

X The French authorities are so well satisfied of the superiority of bard water, 
that they pass by that of the sandy plains, near Paris, and go far away to fh6 
obalk hilla of Champagne, whei-e they find water even harder than that of Loq. 
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Sea - Water. — The most abundant mineral in the 
ocean is common salt. Yet it contains traces of every 
substance soluble in water, which has been washed into 
the sea from the surface of the continents during all the 
ages of the past. Its saline constituents are now in the 
proportion of about \ oz. to 1 lb. This amount may 
be slowly increasing, as the water which evaporates from 
the surface is comparatively pure, containing only a mere 
trace of a few substances, which give to the sea-breeze its 
peculiar bracing, tonic influence. In this way, the water 
of the Salt Lake has become a strong brine, nearly 
\ of its whole weight consisting of saline matter. This 
condition would soon disappear if an outlet could be 
provided. 

. Water oitmosphere. — As the world of waters is 
inhabited, it also has its atmosphere.* Inasmuch as the 
HgO dilutes the in part, it does not need so much N 
as the common air. It is accordingly composed of over 
J instead of only \, The air so rich in thus absorbed 
by the water gives to it life and briskness. If it be ex- 
pelled by boiling, the water tastes flat and insipid. 

Paradoxes of Water. — "Cold contracts," is the 
law of physics; but as H2O cools, it obeys this principle 
only as far as 39° F. Then it slowly expands, cooling 
down to 32°, its freezing point, when its crystals sud- 
denly dart out at angles to each other, and thus, increas- 



don ; saving as a reason for the preference that more of the conscripts from the 
soft-water districts are rejected on account of the want of strength of mns- 
cle, than from the hard-water districts ; from which they conclude that the cal- 
careous matter is favorable to the formation of the tisHues. 

* Fish inliale O through the fine silky filaments of their gills. When a fish 
is drawn out of HaO, these dry up. and it is unable to breathe, although it is 
In a more plentifkil atmosphere than it is accustomed to ei^oy. 
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ing in size about ^, it congeals to ice. By this wise ar- 
rangement, ice is lighter than water, and so swims on top; 
otherwise our rivers would freeze solid, killing the fish 
and aquatic plants. The longest summer could not melt 
such an immense mass of ice. But now the blanket that 
Nature kindly weaves over the rivers and ponds keeps 
their finny inhabitants warm and comfortable till spring ; 
then she floats it south to melt under a hotter sun. We 
give to water such contradictory terms as " hard " and 
" soft," " fresh " and " salt." HgO seems the most yield- 
ing of substances, yet the swimmer who falls on his face, 
instead of striking head foremost, appreciates the mis- 
take, and we could drive a nail into a solid cube of steel 
as easily as into a hollow one perfectly filled with H2O. 
H is the lightest substance known, and is an invisible 
gas ; yet they unite and form a liquid whose weight we 
have often experienced, and a solid which makes a pave- 
ment hard like granite. H bums readily, and, when 
mixed with 0, explodes most fearfully ; supports com- 
bustion brilliantly — yet the two combined are used to 
extinguish fires. H or in excess would destroy life ; 
H2O is so essential to it that thirst causes a lingering, 
painful death. 

Uses of Water. — The uses of HgO are as diverse 
as they are practical. Its properties fit it for a wonderful 
variety of operations in nature. Its office is not merely 
to moisten our lips on a hot day, to make a cup of coffee, 
to lay the dust in the street, and to sprinkle our gar- 
dens ; it has grander and more profound uses than any 
of these. Water is the common carrier of creation. It 
dissolves the elements of the soil, and, climbing as sap 
- up through the delicate capillary tubes of the plant. 
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furnishes the leaf with the materials of its growth. It 
flows through the body as blood, floating to every part 
of the system the life-sustaining 0, and the food neces- 
sary for repairs and for building up the various parts of 
the " house we live in/' It comes in the clouds as rain, 
bringing to us the heat of the tropics, and tempering our 
northern climate, while in spring it floats the ice of our 
rivers and lakes away to warmer seas to be melted. It 
washes down the mountain side, levelling its lofty sum- 
mit and bearing mineral matter to fertilize the valley 
beneath. It propels water-wheels working forges and 
mills, and thus becomes the grand motive-power of the 
arts and manufactures. It flows to the sea, bearing on 
its bosom ships conducting the commerce of the world. 
It passes through the arid sands, and the desert forth- 
with buds and blossoms as the rose. It limits the bounds 
of fertility, decides the founding of cities, and directs the 
flow of trade and wealth. 

PRACTICAL QUESTIONS. 

1. Why, in filling the hydrogen gun, do we use 5 parts of com- 
mon air to 2 of H, and only 1 part of to 2 of H ? 

2. Why are coal cinders often moistened with H^O before 
using? 

3. What injury may be done by throwing a small quantity of 
HgO on a fire? 

4. Why does the hardness of water vary in different localities ? 

5. What causes the variety of minerals in the ocean? Is the 
quantity increasing ? 

6. Is there not a compensation in the sea-plants, fish, etc., which 
are washed back on the land ? 

7. Since " all the rivers flow to the sea," why is it not full ? 

8. What is the cause of the tonic influence of the sea breeze ? 

9. When fish are tak«n out of the water, and thus brought into 
a more abundant atmosphere, why do they die % 
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10. Do all fish die when brought on land ? 

11. What weight of water is there in a cwt of sodium sulphate 
(Na.SO,, lOH.O), or Glauber's salt? 

12. What weight of water in a ton of alum (KAI2SO4, 12H^0) ? 

13. How much water would it require to change 6 lbs. of nitric 
anhydride to nitric acid ? 

14. How does the air purify running water ? 

15. What is the action of potassium permanganate as a disin 
fectant ? 

16. Why does lime sometimes soften hard water when added 
to it? 

17. What weight of H can be obtained from a gallon of water ? 

18. In decomposing H . 0, 65 parts by weight of Zn yield 2 parts 
by weight of H. How much Zn must be employed to obtain 100 
lbs. of H ? 

19. How much KCIO3 would ^e required to evolve sufficient to 
burn the H produced by the decomposition of 2 lbs. of H.^0 ? 

20. How much would be required to oxidize the metallic Cu 
which could be reduced from its oxide by passing over it, when 
white-hot, 20 gr. of H gas ? 

21. How much would be required to oxidize the metallic Fe 
which could be reduced in the same manner by 10 grs of H gas? 

22. Why are rose-balloons so buoyant ? 

23. How much H must be burned to produce a ton of water ? 



CARBON. 



Symbol, C. Atomic Weight, 1 2. Specific Gravity of DiarQond,3.3to 3.6 

Source. — C is one of the most abundant substances in 
nature, forming nearly one-half of the entire vegetable 
kingdom, and being a prominent constituent of lime- 
stone, corals, marble, magnesian rocks, etc. We find it 
in three distinct forms or allotropic conditions — viz., the 
diamond, graphite, and amorphous carbon. This last 
IL^ term means without crystalline form, and includes gas- 
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carbon, charcoal, lamp-black, coal, coke, peat, soot, bone- 
black and ivory-black. In each of these various sub- 
stances C possesses different properties ; yet any impuri- 
ties it may contain seem entirely incidental, and not at 
all necessary to its new state. 

^Proof of this Allotropic state. — Chemists have 
changed most of these substances into other allotropic 
forms. Thus, common charcoal has been turned into 
graphite, mineral coal into gas-carbon, the diamond into 
coke. All of them, when heated in the open air, unite 
with the same quantity of 0, forming precisely the same 
compound — carbonic anhydride — ^from which the C can 
be obtained again in the form of charcoal. 

The diamond is pure carbon crystallized. It is 
the hardest of all known substances, scratches all other 
minerals and gems, and can be cut only by its own dust. 
It is infusible, but will bum at a high temperature. 
It is found in various parts of the world— North Carolina, 
Georgia, Borneo, Brazil, and South Africa. In 1858, 
Brazil furnished 120,000 carats.* They usually appear 
as semi-transparent, rounded pebbles, enclosed in a thin, 
brownish, opaque crust, which being broken reveals 
the brilliant gem within. They are of various tints, 
though often colorless and perfectly transparent. The 
last are most highly esteemed, and, from their resem- 
blance to a drop of clear spring-water, are called diamonds 
of the " first water." They are exceedingly brittle, and 
valuable gems are said to have been broken by simply 



* A carat is equal to 4 gre. Troy. The term is derived from the name of a bean 
which, when dried, was formerly used in weighing by the diamond merchants 
in India. 
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falling to the floor. Nothing definite is known concern- 
ing the origin of this gem.* 

T/ie Diamond is Ground by means of its own 
powder. Being fitted to the end of a stick or handle, it 
is pressed down firmly against the face of a rapidly re- 
volving wheel, covered with dia- 
mond-dust and oil. This, by its 
friction, removes the exposed edge 
and forms a facet of the gem. 

Tk.Muu.ru. Tkerose. There are three forms of Cutting- 

the brilliant, the rose, and the table. 
The brilliant has a flat surface on the top, with facets at 
the side, and also below, the latter terminating in a 
point, so arranged as to refract the light most brilliantly. 
This form shows the gem to the best advantage, but is 
used only in large, thick stones, as it sacrifices nearly 
half the weight in cutting. The rose is fiat beneath, 
while the upper surface is ground into triangular facets, 
terminating at a common vertex. The table form is em- 
ployed for thin specimens, which are merely ornamented 
by small facets on the edge. The diamond is valued not 



* Althongh the diamond is eimply pure carbon, yet it has never been made by 
any chemical process. Minute diamonds, it is said, have been separated from 
carbon compounds by long-continued voltaic action, but they were invisible ex- 
cept with a microscope. The value of the diamond varies with the market ; the 
general nile is as follows : a gem ready for setting, of one carat weight, is worth 
$150 to $180 ; beyond this size, the estimated value increases according to the 
square of the weight, but in case of large stones is generally much less than that 
amount, although rare beauty or size may greatly enhance the price. The Kohi- 
noor (mountain of light, now among the crown jewels of England) weighs 103 
carats, yet is valued at $10,000,000. Owing to the discovery of many lai^e dia- 
monds in South Africa, the value of such stones has much decreased of late. 
The smaller ones, however, are becoming more expensive on account of the 
greater demand for them. The South African diamonds are seldom colorless, 
having generally a yellowish tint. Paste diamonds are now made in Paris, 
which are so perfect an imitation that only experts can distinguish them from 
the real gems. 
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alone for its rarity and high refractive power, by which 
it flashes such vivid and brilliant colors, but also for its 
mechanical uses. For cutting glass, the curved edges of 
the natural crystal are used. 

GrapJdte or Plumbago is also called black-lead, 
because on paper it makes a shining mark like lead. It 
is found at Ticonderoga, N. Y., Brandon, Vt., and Stur- 
bridge, Mass. It is supposed to be of vegetable origin. 

Uses. — It is chiefly useful in pencils. For this pur- 
pose a mixture of black-lead, antimony, and sulphur — 
the proportion of these ingredients determining the 
hardness of the pencil — ^is melted and cast into blocks, 
which are then sawed into thin slips, as seen in com- 
mon pencils.* Though graphite seems very soft, yet its 
particles are extremely hard, and the saws used in cut- 
ting it soon wear out. We notice this property in sharp- 
ening a pencil with a knife. Graphite mixed with clay 
is made int/O black-lead crucibles. These are the most 
refractory known, and are used for melting gold and 
silver. It is also sold as " British lustre," " carburet of 
iron," " stove polish," etc., which are employed for black- 
ing stoves and protecting iron from rusting. 

Gas- Carbon is formed on the interior of the re- 
torts used in coal-gas works. It has a metallic lustre, 
and will scratch glass. 

Charcoal is made by burning piles of wood, so 
covered over with turf as to prevent free access of air. 
The volatile gases, water, etc., are driven off, and the C 

* For drawing-pencils, pare graphite powder is subjected to such enormous 
pressure that the particles are brought near enough together for the attraction 
of cohesion to hold them in a solid form, when the pressure is removed. This 
block is then sawed -into prisms, which are fitted into cylinders of cedar- 
wood. 
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left behind. This forms abont J of the bulk of the wood 
aud J its weight. Charcoal for gnnpowder and for medi- 




Makljig charcoai. 



einal purposes is prepared by heating willow or poplar 
wood in iron retorts. 

Properties. — It is the most unchangeable of all the ele- 
ments, so that even in the charcoal we can trace all the 
delicate structure of the plant from which it was mada 
It is insoluble in any ordinary liquid. None of the acids, 
except nitric, corrodes it. No alkali will eat it. Neither 
mr nor moisture affects it. Wheat has been found in the 
ruins of Herculaneum that was charred 1800 years ago, 
and yet the kernels are as perfect as if grown last harvest 
The groond ends of posts are rendered durable by char- 
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ring. Indeed, some were dug up not long since in the 
bed. of the Thames which were placed there by the an- 
cient Britons to oppose the passage of Julius Caesar and 
his army. A cubic inch of fine charcoal has, it is said, 
100 feet of surface, so full is it of minute pores. These 
absorb gases by capillary attraction to an almost incredi- 
ble extent. A bit of C will take up 90 times its bulk of 
ammonia. As the various gases and the of the air are 
brought so closely together within its pores, rapid oxida- 
tion is produced, as in^ the case of spongy platinum (see 
p. 54). Pans of charcoal soon purify, and sweeten the 
offensive air of a hospital. Foul water filtered through G 
loses its impurities. Beer by this process parts not only 
with its color but with its bitter taste. Ink is robbed 
of its value and comes out clear and transparent as 
water. 

deoxidizing or deducing Action of C — At 
a high temperature the attraction of C for is powerful. 
In the heat of a furnace it will take it from almost the 
stablest compounds. This fact gives to charcoal great 
value in the arts. Nearly all the metals and many of the 
other elements are locked up in the rocks with 0, and 
C is the key made by the Creator for unlo'cking the 
treasure-houses of nature for the supply of our wants. 
By noticing the process of preparing zinc, iron, phospho- 
rus, etc., we shall see the importance of this property of 
C. A very pretty illustration is shown 
by placing a few grains of litharge ^ ^' ^ 

(PbO) on a fiat piece of charcoal, and 
directing upon it the flame of a blow- 
pipe. The metal will immediately ap- char^<naL 
pear in little sparkling globules. 
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Soot is imbumt carbon which passes off from a lamp 
or fire when tliero is not enough present to combine 
with all the C of the fuel. This, therefore, comes awaj 
in flakes, and blackens the chimney of the lamp, or lodges 
in the chimney of the house. After a time, a large 
quantity having collected, we are startled by the cry, 
" The chimney is on fire ! " while with a great roar and 
flame the soot bums out. This unpleasant occurrence is 
much more frequent wlien green wood is used for fuel. 
The HgO of the wood absorbs much of the heat of the 
fire, and so permits the C to pass off unconsumed. 

Ijampbtack is obtained by imperfectly burning pitch 
or tar. The dense cloud of smoke is conducted into a 
chamber lined with sacking, upon which the soot collects. 
It is largely used in painting. It is mixed with clay to 
form black drawing-crayons, and with linseed oil to make 
printers' ink. Lampblack has peculiar properties which 
fit it for printing. Nothing in nature could supply its 
place. No matter how finely it is pulverized, it retains 
its dead-black color. The minutest particle is as black 
as the largest mass. It is insoluble in all liquids. It 
never decays. The paper may moulder ; we may even 
bum it ; and still, in the ashes, we can trace the form of 
the printed letter. The ancients used an ink composed 
of gum-water and lampblack, and manuscripts have been 
exhumed from the ruins of Pompeii and Herculaneum 
which are yet perfectly legible. 

Antmai Charcoal, or bone-black, is made by burn- 
ing bones in close vessels. Mixed with H2SO4 it forms 
the basis of paste-blacking. It is largely used by sugar 
refiners (p. 190). Common vinegar filtered through it 
becomes the white vinegar of the pickle manufacturers. 
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Mineral Coat. — This was formed at an early period 
of the world's history, called the Carboniferous Age. 
The earth was then pervaded by a genial, tropical climate. 
The air was denser and richer with vegetable food than 
now. The earth itself was a swamp, moist and hot, in 
which simple ferns towered into trunks a foot and a half 
in diameter ; and where plants like those which creep at our 
feet to-day, or are known only as rushes or grasses, grew 
to the height of lofty trees. The song of bird or hum of 
insect rarely echoed through the mighty fern-forests; 
but a strange and grotesque vegetation flourished with 
more than tropical luxuriance. In these swamps accu- 
mulated a vast deposit of leaves and fallen trunks which, 
under the water, gradually changed to charcoal. In the 
process of time, the earth settled at various points, and 
floods poured in, bringing sand, pebbles, clay, and mud, 
filling up all the spaces between the trees that were stand- 
ing, and even the hollow trunks themselves. The pres- 
sure of this soil and the internal heat of the earth com- * 
bined to expel the gases from the vegetable deposits, and 
convert them into mineral coal.* In time this section 
was elevated again, and another forest flourished, to be in 
its turn converted into coal. Each of these alternate ele- 
vations and depressions produced a layer of coal or of 
soil. In these beds of coal we now find the trunks of 
trees, the outlines of trailing vines, the stems and leaves 
of plants as perfectly preserved as in a herbarium, so that, 
to the botanist, the flora of the Carboniferous age is 
nearly as complete as that of our own. 

♦ Where this procees was nearly complete, anthracite coal, and where only 
partially finished, hitnminons coal, was formed. The greater the pressure, the 
harder and purer the carhon produced ; unless, however, the covering was not 
sufficiently porous to allow the gases to escape, when hituminous coal wa& thft 
reffolt 
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Coke is the refuse of gas-works, obtained by distilling 
the water, tar, and volatile gases from bituminous coaL 
It is burned in locomotives, blast-furnaces, etc. 

^eat is an accumulation of half decomposed vegetable 
matter in swampy places.* It is produced mainly by a 
kind of moss which gradually dies below as it grows 
above, and thus forms beds of great thickness. Some- 
times, however, plants may grow in the form of a turl^ 
and decay, thus collecting a vast amount of vegetable 
debris. This gradually undergoes a change, and becomes 
a brownish black substance, loose and friable in its text- 
ure, resembling coal, but, unlike it, containing 20 to 30 
per cent, of 0. Peat is used in large quantities as a fuel. 
For this purpose it is cut out in square blocks and dried 
in the sun. In some beds it is first finely pulverized, 
then pressed into a very compact form like brick. 

Muck is an impure kind of peat, not so fully carbon- 
ized ; though the term is frequently applied to any black 
swampy soil which contains a large quantity of decaying 
vegetable matter. Like charcoal, it absorbs moisture and 
gases, and is therefore used as a fertilizer. 

Various J^or?ns a?id Uses of Carbon. — We 
have seen in what contrary forms C presents itself. It is 
soft enough for the pencil-sketch, and hard enough for 
the glazier^s use. Black and opaque, it expresses thought 
on the printed page : clear and brilliant, it gleams and" 
flashes in the diadem of a king. In lampblack, it fre- 
quently takes fire spontaneously ; in graphite, it resists 
the heat of the fiercest flame ; in the diamond, it is an 



• These peat-beds are of vast extent. One-tenth of Ireland is covered by 
them. A bied near the month of the River Loire, is said to be fifty leagaes in 
dreomference. 
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insulator ; while in charcoal, it is so perfect a conductor 
of electricity that it is packed about the foot of lightning- 
rods to complete the connection with the earth. We 
burn it in our lamps, and it gives us light ; we burn it in 
our stoves, and it gives us heat ; we burn it in our en- 
gines, and it gives us power; we bum it in our bodies, 
and it gives us strength. As fuel, it readily unites with 
0, yet we spread it as stove-polish on our iron-ware to 
keep the metal from rusting. It gives firmness to the 
tree and consistency to our flesh. It is the valuable ele- 
ment of all fuel, burning oils, and gases. Thus it sup- 
plies our wants in the most diverse manner, illustrating 
in every phase the forethought of that Being who fitted 
up this world as a home for His children. Infinite Wis- 
dom alone would have stored up such supplies of fuel 
and light, and hidden them far under the earth away 
from all danger of accidental combustion, or anticipated 
the requirements alike of luxury and the arts. 

Com^o\xx\A%,— C arb ontc Anhydride ^ CO2. — 
Source. — This gas is commonly known as Carbonic 
Acid. It is found combined with Ca, in a large class of 
salts, known as the carbonates, viz., limestone, marble, 
chalk, etc., forming nearly one-half of their weight, and 
almost one-seventh of the crust of the earth. It comprises 
TU.Suu of the atmosphere. It is produced throughout 
nature in immense quantities. Wherever C burns, in 
fires, lights, decay, fermentation, volcanoes — in a word, 
in all those various forms of combustion of which we 
spoke under the subject of 0, where that gas unites with 
C, CO 2 is the result. Each adult exhales daily about 8^ 
oz. of carbon changed to this invisible gas. Each bushel 
of charcoal, in burning, produces not far from 2500 gal- 
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Ions. A lighted candle gives off alxiut 4 galloQB pet 
hour.* 

Preparation, — For experimental purposes it is pre- 
pared by pouring hydrochloric (muriatic) acid on marble 
or chalk. The reaction may be represented as follows : 




The COa is liberated rapidly and may be gathered by 
displacing the air (see Fig. 24), while the calcium chlo- 
ride remains dissolved in the water of the flask. 



candle <n a Jar of O. Fonr in a UUle Ilme- 
cro will lie a precipltacion of chalk (caletnm 
a bnmlug lamp or jet of coal-gag, or breaUia 



■ Bam a piece of charcoa] 
water and ebake It well, v 
carbonale). Hold a jar of a 
Into tbe Jar and applr the te 

+ Twist s wire atoimd the neck of a amall, wide-monthed vial, to Berve aa a 
bncket Dip tbe CO, with It vjtiBOrd ft-oni the jar aod leet with a Ilghtfvd match. 
DiptbeH(FlK.14) ADonwnrd, and teit In same way. This lltaetratea In a elrilc- 
Ing mannar the dlffarence between the gaeee In reapect to epeclflc gravis a&d 
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The test of COj is clear lime-water. If wt- expose a, I 
Biiucur of lime- wilt* r lo the air, the surface of the boIu-J 
tioQ will 800U be covered with a thiii iieUicle of culdnm I 
carbonate (carbonate of lime), thus ehoiviiig that thei-e \i 
COj in the atmosphere ; or if we breathe by rncaua of i 
tube through lime-water, the solution will become turbid I 
and milky, thus pro\'ing the presence of COj in 
breath: by breathing through the liquid a little longer it I 
will liecume clear, aa the corbouate wilt dissolve in au ex- 
cess of CO J. 

Properties. — CO3 ie a colorless, odorless, transparent I 
gaa, with a slightly acid taste, and is a non-supporter o£ J 
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will run down an inclined plane, can be poured from ono 
dish to another, drawn off by a syphon, dipped up with a 
bucket like water, or weighed in a pair of scales like 
lead. 




Weighing CO a with a pair of scales. 

To s?iow the C in COq hold a strip of Mg foil in a 
flame until well ignited, then insert in a jar of the gas. 
White flakes of magnesium oxide* (MgO) mixed with 
black particles of charcoal will be deposited. 

Aspfiyxia. — COq accumulates in old wells and cel- 
lars, where it has cost the lives of many incautious 
persons, f The test of lowering a lighted candle should 
always be employed. If that be extinguished, your 
life would be in danger of "going out" in the same 
way, should you descend. The gas may be dipped out 
like water, or the well may" be purified by lowering pans 
of slacked lime, or lighted coals which, when cool, will 
absorb the noxious gas. The coals may be re-ignited, and 



• These may be dissolved by dilnte HNO3, and the black C made more dia- 
tinct. 

t " Three or four per cent, of CO, in the air acts as a narcotic poison by pre* 
venting the proper action of the air npon the blood/'— Mhjjsb. 
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lowered repeatedly until the result is ^' ^7. 
reached.* Persons have been suffocated 
by burning charcoal in an open furnace 
in a closed room.f In France, it is not 
unusual to commit suicide in this manner. 
The antidote is to bring the sufferer into 
the fresh air, and dash cold water upon 
his face. In the celebrated Grotto del 
Cane, near Naples, the gas accumulates 
upon the floor, so that a man living near ^^^^^9 co, on a 
amuses visitors, for a small fee, by lead- 
ing his dog into the cave. He experiences no ill effects 
himself, but the dog falls senseless. On being drawn into 
the open air, the animal soon revives, and is ready to pick 
up his bit of black bread and enjoy the reward of his 
scientific experiment. 

CO2 in Mines. — Miners call CO2 chohe-damp. It is 
produced by the combustion of fire-damp (see p. 81), 
which accumulates in deep mines, j and when mixed with 
air, bums like gunpowder, forming dense volumes of CO 2? 
which instantly destroys the lives of all who may have 
escaped the flames of the explosion. § CO2 has been used 

♦ A well, in which a cnndic would not burn within twenty- six feet of the bot- 
tom, was thus purified in a sinc^le afternoon. 

t The ftunes of burning charcoal owe their deadly property largely to the pres* 
ence of CO (page 81), one per cent, of which in the air causes headache. 

X The word ^ew was first used in the seventeenth century. Explosions, strange 
noiees, and lurid flames had been seen in mines, caves, etc. The alchemists, 
whose earthen vessels often exploded with terrific violence, commenced their 
experiments with prayer, nni placed on their crucibles the sis^n of the cross- 
hence the name crucible from cru^ (gen. cruds^. a cross. All these manifesta- 
tions were supposed to be the work of invisible spirits, to whom the name 
ga»t or g^t^ a ghost or spirit, was applied. The miners were in special dan- 
ger from these unseen adversaries, and it is said that their church servjce con- 
tained the petition, " Prom spirits, good Lord, deliver us !" The names " spirits 
of wine," "spirits of nitre." etc., are a relic of the superstitions of that time. 

I Where CO, alone is found, it is not considered as dangerous as the^r6-<tomp, 
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for the purpose of extinguishing fires in coal-mines. A 
mine near Sterling, England, had burned for thirty years, 
consuming a seam of coal nine feet thick, over an area of 
twenty-six acres. CO2, eight million cubic feet of which 
were required, was poured into the mine, in a continuous 
stream, day and night, for three weeks. The mine was 
then cooled with water, and within a month from the 
commencement of the operation was ready for the resump- 
tion of work. 

Absorption of CO2 by I/iquids. — Water dis- 
solves its own volume of CO 2 under the ordinary pressure 
of the atmosphere, forming a solution of carbonic acid; 
CO2 + H2O becoming H2CO3. With increased pressure a 
much greater amount will be absorbed. "Soda water" 
contains no soda, but is simply H2O saturated with CO2 
in a copper receiver strong enough to resist the pressure 
of 10 or 12 atmospheres. The gas gives the H2O a 
pleasant, pungent, slightly acid taste, and by its escape, 
when exposed to the air, produces a brisk effervescence.* 
In beer, ginger-pop, cider, wine, etc., the CO 2 is produced 
by fermentation.! The gas escapes rapidly through cider 
and wine, and so produces only a sparkling ; while in 
a thick, viscid liquid, like beer, the bubbles are partly 
confined, and hence cause it to foam and froth. In 
canned fruits, catsup, etc., the " souring " of the vegeta- 

since it will not barn, and it is said that miners will even ventnre " where the 
air is so fool that the candles go oat, and are then re-lighted from the coal on 
the wick by swinging them qaickly through the air, when they bum a little 
while and then go out, and are re-lighted in the same way/' 

* Pass a current of CO3 through a gill of water. Add a few drops of blue !!*• 
mns-solation. It will immediately redden. Boil the water, when the gsts will 
escape and the water become blue. 

t Dissolve an oz. of sugar in 10 times its weight of water. Put it in a flask 
Bko tbat shown in Fig. 34, and add a little fresh brewer's yeast If kept wana, 
In » ihort time it will give off CO,, which may be tested* 
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bles produces CO2, which sometimes drives out the cork 
or bursts the bottles with a loud report. 

Zfiguid COq. — By a pressure of 36 atmospheres, at 
a temperature of 32°, CO2 becomes a colorless liquid, very 
much like HgO. When this is exposed to the air it evap- 
orates so rapidly that a portion is frozen into a snowy 
solid which bums the flesh like red-hot iron. By means 
of solid CO2, Hg can be readily frozen. When mixed 
with ether, and evaporated under the exhausted receiver 
of an air-pump, a cold of — 148° may be produced. (See 
Physics, p. 191.) 

Yentilalion. — The relation of CO2 to life is most 
important, and cannot be too often dwelt upon. We ex- 
hale constantly this dangerous gas, and if fresh air is not 
furnished continuously we are forced to rebreathe that 
which our lungs have just expelled.* The languor and 
sleepiness we feel in a crowded assembly, are the natural 
effects of the vitiated atmosphere, f The idea of drinking 
in at every breath the exhalations that load the air of a 
crowded, promiscuous assembly-room, is a most disgust- 
ing one. We shun impurity in every form ; we dislike 
to wear the clothes of another, or to eat from the same 
dish; we shrink from contact with the filthy, and yet 
sitting in the same room inhale their polluted breath. 
Health and cleanliness alike require that we should care- 



* It Ib a fact, as poetical as it is characteristic, that when the air comes forth 
from the lungs it is charged with the seeds of disease ; yet, as it passes out, 
it produces all the tones of the human voice, all sonj^s, and prayers, and social 
converse. Thus the gross and deadly is by a divine simplicity made refined and 
gpiritual, and caused to minister to our highest happiness and welfare. 

t It should be noted that the deleterious efiects of ill-ventilation arise not only 
ft>om the preseuce of CO3, but from the organic particles given off in the breath 
and exhaled from the skin. (See Physiology, page 93.) Kebreathed air is a fimit' 
fol Bource of consumption and scroftala. 
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fully ventilate public buildings, school-rooms, and e 
ing apartments.* 




Carbonic Oxide, CO, ie a colorless, almost odorleai 
gas, and has never been liquefied. It burns with a palf 
blue flame, absorbing an atom of from the air, and be 



llKbtcd ctiDdle In a plate or w 



«n in Ptg. as. Covet It wUh an op« 
:h le placed a common lamp^cblmnej. The light vH 
wion be exttneulihed on account of tbc consumption of O, and the fonnsUoa oi 
CO,. ItalM the jar at ono Bide a trifle above the water, and the candle, U re 
lighted, will burn eleaiilly—tVei^h atr coming in below, and the reftine pasatngol 
at the top. Kcplaee tho jar, and ae the canflle la fllckerlnK, insert In the cblmne; 
a flip of card, Ihua dividing the pasaase, when the light Kill brighien again 
Bold a bit of amouMerlng touch-paper (pace 451 at the lop. and the emoke wil 
show two oppoelte cmrenta of air eetabllsbod in the chimney. Mlnea have bea 
ventilated In thla way by dividing the ebflll. More commonlj, howoier, tl»; 
have two abaFta at a little distance apan. 
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coming 002- It is seen burning thus in our coal- 
Btovea, and at the tops of tall furnace-cliinmeys. It is 
often formed abundantly on account of the action of 
heated carbon on CO2- When air enters at the bottom 
of a clear fire, COj is formed at once ; but this gas pass- 
ing through the hot embers takes up a further quantity 
of C, becoming changed into CO:* C + COa^aCO, the 
volume of the gaa being exactly doubled in bulk 
thereby. CO is a deadly poisou, and escaping from 
coal-fires in a close room has often produced death. 
Both CO and CO2 leak through the pores of cast Fe 
when heated, and still further injure the air of onr 
houses and necessitate ventilation. The oflensive odor 
which comes out on opening the door of our coal-stoves 
is caused by the compounds of S mixed with the CO. 

JKarsh Gas. — LigM Carburetted Hydrogen, CH4 
(see p 200) — This we have already spoken of under 
COj as the dreaded fire damp of miners It is i^olorless 
and 



bums w th a yellowish 
Same It la formed m 
swamps and low marshy 
places by the decon posi 
tion of vegetable matter 
and on st rr ng the m 1 
beneath w U be seen b b 
bling up through the 
water It may be collect- 
ed in the manner sho n 
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in Fig. %9. It rises from 
the eaxth in great quanti- 
ties at many places. At 
Fredonia, N. Y., it is used 
in lighting the village. At 
Kanawha, Ya., it was until 
lately employed aiS fuel for 
evaporating the brine in 
the manufacture of sali 
In the oil-wells of Penn- 
sylvania, it frequently 
hursts forth with explosive 
violence, throwing the oH 
high into the air. 

Olefiant Gas.~ 
Heavy Carburetted Hy- 
drogen, C2H4. — This is 
a colorless gas, with a 
sweet, pleasant odor, and 
bums with a clear white 
light* It may be easily 
prepared by heating in a 
large retort a mixture of 
one part of alcohol with 
two of HjSOv 

Coai Gas is a very 
variable mixture. The 

• Fm a UU jnr one-third fbll of 
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proportion of olefiant gas and hydrocarbons having a 
similar composition gives whiteness to the flame ; while 
the H and CH4. have little illuminating power, and serve 
mainly as carriers of the more valuable gases (Miller). 
Bituminous coal is heated in large iron retorts, B, until 
only coke is left and the volatile constituents are driven 
off. Among them are coal-tar, H3N, CO2J CO, N, com- 
pounds of S, CH4., and C2H4..* This mixture is led 
through the curved pipes, d, beneath the H2O in the hy- 
draulic main, F ; along the tube, g, to the tar cistern ; 
thence up and down the condenser, j. On the way it be- 
comes cooled and loses its coal-tar, ammoniacal salts, f 
and liquid hydrocarbons. Lastly it is passed over lime, 
Lm, which absorbs the CO2 and the H2S4 The remain- 
ing gases form the mixture we call " gas." This is col- 
lected in the gasometer, P, the weight of which forces it 
through all the little gas-pipes, and up to every jet in the 
city. 

Coal-gas is very poisonous, and even in small quantities 
exceedingly deleterious. When mixed with air it ex- 
plodes with great violence. Its unpleasant odor, though 
often annoying, is a great protection, as we are thereby 
warned of its presence. 

Qyanogen,% Cy=CN. — Preparation. — As N and C 

♦ None of these Bubfitances exists in coal. They are formed by the action of 
heat, which causes the H, C, O, N and S to combine and make a multiplicity of 
compounds. 

t The H,N is neutralized by HCl, thus forming chloride of ammonium (pal- 
ammoniac, H^NjCl). On evaporation, the tougk, fibrous crystals of the salt are 
obtained. (See page 135.) 

X The removal of the sulphur compounds is especially important, since, when 
burned, they fhmish sulphurous and sulphuric acids, which are very injurious to 
bookSf paintings, and furniture. 

% The term cyanogen means *^ blue producer ;" this gas being the character* 
Istic constituent of Prussian blue. 
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do not combine directly, this gas is obtained in an in- 
direct way. Mix the parings of horns, hides, etc., with 
pearlash (potassium carbonate) and iron filings, and heat 
in a close vessel. The N and C of the animal substances, 
in their nascent state, will combine, forming Cy ; this 
uniting with the Fe and K will produce the beautiful yel- 
low crystals of potassium ferro-cyanide (yellow prussiate 
of potash). From this salt the mercury cyanide is made, 
which when heated decomposes into Hg and Cy. 

Properties. — Cy is a transparent, colorless gas, with a 
penetrating odor. It bums with a characteristic rose- 
edged purple flame, and is exceedingly poisonous. It is 
very interesting from the fact that, though a compound, 
it unites directly with the metals like the elements I, B, 
etc. It is therefore called a compound radical (root). 
We shall find this subject of great importance in Organic 
Chemistry. 

Ifydrocyanic Acid, HCy. — Prussic acid, as it is 
commonly called, is a fearful poison. A single drop on 
the tongue of a large dog is said to produce instant deatL 
H3N, cautiously inhaled, is its antidote. Its bitter flavor 
is detected in peach blossoms, the kernels of plums or 
peaches, bitter almonds, and the leaves of wild cherry. 

J^ulminic Acid {fulmen^ a thunderbolt). — This 
compound of Cy is known only as combined with the va- 
rious metals forming fulminates, which are remarkably 
explosive. Fulminating mercury was used to fill the 
bombs with which the life of Napoleon III. was attempt- 
ed in 1858. It is employed in making gun-caps. A drop 
of gum is first put in the bottom of the cap, over which 
is sprinkled a little fulminating mercury, and this is 
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sometimes covered with varnish to protect it from any 
moisture. 



COMBUSTION. 

Combustion, in general, is the rapid union of a sub- 
stance with 0, and is accompanied by heat and light.* 

2'/ie Igniting ^^int of any substance is the tem- 
perature at which "it catches fire." We elevate the 
heat of a small portion to the point of rapid union with 
0, and that part in burning will give off heat enough to 
support the combustion of the rest. — Example : In mak- 
ing a fire, we take paper or shavings, which being poor 
conductors of heat, and exposing a large surface to the 
action of 0, are easily raised to the required temperature. 
Having thus obtained sufl&cient heat to start the combus- 
tion of chips or pine sticks, we gradually increase it until 
there is enough to ignite the coal or wood. 

Chemistry of a J^ire. — Our fuel and lights, such 
as wood, coal, oil, tallow, etc., consist mainly of C and 
H, and are, therefore, called hydrocarbons. In burn- 
ing they unite with the of the air, forming HgO 
and CO2. These both pass off, the one as a vapor, the 
other as a gas. In a long stove-pipe, the HgO is some- 
times condensed, and drips down, bringing soot upon our 
carpets. Ashes comprise the mineral matter contained 
in the fuel, united with some of the CO 2 produced in the 
fire. When we first put fuel in the stove, the H is liber- 
ated with some C, in the form of marsh ?r defiant gas. 

* There are forms of combastion known to the chemiet which are not ozidar 
tSoD ; as the onion of S and Ca. (See page 97, note.) 
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This bums with a flame. Then, the volatile H haying 
passed off, we have left the C, which burns as coal 
merely. In maple there is much more C than in pine, so 
it forms a good " bed of coals." In the burning of fuel 
there is no annihilation; but the HgO, CO 2, and the 
ashes, weigh as much as the wood and the that com- 
bined with it. No matter how rapidly the fire bums, 
even in the blaze of the fiercest conflagration, the ele- 
ments unite in exact atomic weights. 

C is most wisely fitted for fuel, since the product of 
its combustion is a gas. Were it a solid, our fires would 
be choked, and before each supply of fresh fuel we 
should be compelled to remove the ashes. In the case 
of a candle or lamp it would be still more annoying, 
as the solid product would fall around our rooms. 
Still another useful property is the infusi- 
bility of C. Did C melt like Z or Pb on the 
application of heat, how quickly in a hot fire 
would the coal and wood run down through 
the grate and out upon the floor in a liquid 
mass! 

Chemistry of a Candle. — Flame is 
burning gas. A candle is a small " gas-work," 
and its flame is the same as that of a " gas- 
burner." First, we have a little cupful of tal- 
low melted by the heat of the fire above. The 
ascending currents of cool air which supply 
the light with also keep the sides of the cup 
hard, unless the wind blows the flame down- 
ward, when the banks break, there is a crevasse^ and our 
" candle runs down." Next, the melted tallow is carried 
by capillary attraction up the small tubes of the wick into 
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the flame. There it is turned into gas by the heat. 
Flame is always hollow, and at the center, near the wick, 
is the gas just formed. If a match be placed across a 
light, it will burn off at each side, in the ring of the 
flame, while the center will be unblackened.* The 
gas may be conducted out of the flame by a small 
pipe, and burned at a little distance from the can- 
dle. Flame is hollow because there is no 
O at the center. The gas floats outward 
from the wick. It comes in contact with 
the of the air, and the H, requiring 
least heat to unite, burns first, forming 
H2O. This produces heat enough to 
make the tiny particles of C, floating 
around in the flame of burning H, white- 
hot.f They each send out a delicate 
wave of light, and passing on to the 
outer part, where there is more 0, burn, 
forming CO 2. The flame is blue at the 
bottom, because there is so much at 
that point that the H and burn to- j^«^^ ^„ ^^^ . f^ 
ffether, and so give little light. The H oO ^ «^^ ^^^""^ "'^- 

o ' o o -: consumed. 

may be condensed on any cold surface. 
The CO2 may be tested by passing the invisible vapor of 
a candle through lime-water. The wick of a candle does 
not bum, because of the lack of at the center. It, how- 




♦ Take a sheet of white paper and thrust it quickly down upon the flame of a 
candle or lamp. It will hum In a ring, and when the paper is removed the cen- 
ter win he found unhlackened. 

t Frankland has shown that the Intensity of a flame, in general, is determined 
hy the density of the gas : thus a jet of H burning under a pressure of ten 
atmospheres will fhmish sufficient light to read a newspaper at a distance of 
two feet. 
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ever, is charred, as all the volatile gas is driven off by the 
heat. If a portion falls over to the outer part, where 




TtaOn^U^CO, q^a,A(irrw Av drawing (A« poi throagh 



there is 0, it barns as a coal. If we blow out a candle 
quickly, the gas still passes off, and we can relight 
it with an ignited match held at some distance from 
the wick. The tapering form of the flame is due to the 
currents of air that sweep up from all sides toward it 
The candle must be snuffed, because the long wick would 
cool the blaze below the igniting point of C and 0, and 
the C would pass off unconsumed. A draught of air, or 
any cold substance thrust into the flame, produces the 
same result, and deposits the C as soot Plaited wicks 
are sometimes iised, which, being thin, fall over to the 
outside and bum, requiring no snuffing. 

CJiemistry of a Lamp. — A chimney confines the 
hot air, and makes a draught of heated to feed the 
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flame. A flat wick is used, ae it Fig.su. 

presents more surface to the ac- 
tion of the 0. Argaod lamps 
have a hollow wick which admito 
into the center of the blaze. 
The film which gathers on a chim- 
ney when we first light a lamp, 
is the HgO prodnced in the flame, 
condensed on the cold glaaa A 
pint of oil forms a full pint of 
HjO. Spirits of turpentine, tar, pine-wood, etc., con- 
tain an excess of C, and not enough H to heat it to 
the igniting point These, there- 
fore, produce clouds of soot. Alco- 
hol contains an excess of H and little 
C, hence it gives off great heat and 
little light. 

Davy's Safety Lamp, used 
by miners, consists of an ordinary 
oil-lamp, surrounded by a cylinder 
of fine wire-gauze. When it is car- 
ried into an atmosphere containing 
the dreaded fire-damp, the flame en- 
larges and becomes pale, and when 
the quantity increases, the gas will 
^^p quietly bum on the inside of the 
cylinder.* There is no danger of 
an explosion so long as the gauze 
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8 perfect.* Through carelessness, however, fearful 

aecideats hare occurred. Miners become 

extremely negligent, and an account is 

JpH^^^ given of an explosion, in which about a 

i^^B^.'^^^ hundred persons were killed, caused b; 

^^ a lamp being hung on a nail by a hole 

broken through the wire-gauze. 

Sunsen's Sumer is used in the 
laboratory. It consists of a jet of gas, a, 
surrounded by a metal tube, c, at the bottom of which are 
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The gaa passes np 



openings, b, for the admission of a 
the tube, mingles with 
the air, and burns 
at the top without 
smoke. The is 
supplied in suflBcient 
quantity to bum the 
H and C simultane- 
ously ; hence there is 
great heat with little 
light and no smoke. 

2'/ie Osey-Jiydro- 
gen Sloy-pipe is 
so constructed that 
a jet of is intro- 
duced into the center 
of one of burning H, 
thus producing a solid 
flame. A watch-spring will bum in it with a shower of 
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Bparks. Pt, the most infusible of metals, will readily 
raelt. In the commoQ 0ame, as we bafe seen, the little 




7B« Ol^hyaTOgen Blow-pip!. 



particles of solid C, heated by tlie burning H, produce 
the light. As there ia no solid body in the blow-pipe 
flame, it is scarcely luminous. If, however, we insert in 
it a bit of CaO, or MgO, a dazzling light is prodneed. 
This is called the " Dnimmond," " Lime," or " Calcium " 
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Fig. SO. 



Light, and with a properly arranged reflector has been 
seen at a distance of one hundred and eight miles in 
broad sunlight 

Mouth Slow-pipe. — In the com- 
mon blow-pipe, used by jewelers and 
mineralogists, a current of air from the 
lungs is thrown across the light just 
above the wick. The flame loses its 
brilliancy and is driven one side in the 
form of a cone (Fig. 40). Three parts 
are clearly visible. In the center is a 
blue cone ending at a ; outside of this 
is a whiter and more luminous one ter- 
minating at h ; and beyond this a pale 
yellow flame, c. The blue cone is 
caused by the excess of from the 
blow-pipe burning the C and H at the 
same time. The luminous cone con- 
tains C in excess, which being heated 
gives out light. The combustible vapor 
at this point, hot and ready to com- 
bine, will take from any substance exposed to it, and 

4 

is therefore called the reducing flame. The outer en- 




Common Blow-pipe. 



Fig. hO. 




velope contains the thrown from the lungs, borne for- 
ward by the jet of flame, and highly heated by it. It will 
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unite with a metallic body, and is therefore called the 
oxidizi7ig flame, — Example: Hold a copper cent in the 
blaze of an alcohol lamp ; in the " reducing flame " its 
rust, copper oxide, will be cleaned off, and the metal will 
shine as brightly as if just from the mint. In the " oxi- 
dizing flame " a film of copper oxide will be formed over 
the surface, and as we move the cent the most beautiful 
play of colors wiQ flash from side to side.* 

^xHnguisIdng Fires. — Blowing on a candle or 
lamp extinguishes it, because it lowers the heat of the 
flame below the igniting point of the gases, f Fires are 
put out by H2O partly for the same reason, and also be- 
cause it envelops the wood and shuts off the air. If a 
person's clothes take fire, the best course is to wrap him 
in B blanket, carpet, coat, or even in his own garments. 
This smothers the fire by shutting out the 0. Great care 
should be taken in a fire not to open the doors or win- 
dows, so as to cause a draught of air. The entire build- 
ing may burst into a blaze, when the fire might have 
languished for want of 0, and so have been easily ex- 
tinguished. 

Spontaneous Combustion. — Sometimes chemical 
changes take place in combustible substances, whereby 
heat enough is generated to cause ignition. CaO occa- 
sionally absorbs H2O, so as to set fire to wood in contact 
with it. Fresh-burned charcoal has the power of absorb- 
ing gases in its pores so rapidly as to become ignited. 

* Introdace a email piece of common flint-glass tube into the reducing fiarM. 
The glass will become opaque and black, bccanse the Pb will be reduced ft-om 
the transparent form of oxide to the opaque condition of metal. When this has 
happened, place the black portion just in front of the oxidizing flame. The dis- 
coloration will slowly disappear, and the Pb will recombine with O from the air 
and the glass again become transparent. 

t Sometimes, also, the flame is driven 00" by the mere force of the breath. 



94. INO ROANIC CHEMISTRY. 

Heaps of coal take fire from the iron pyrites contained in 
them, which is decomposed by the moisture of the air. 
The waste cotton used in mills for wiping oil from 
the machinery, when thrown into large heaps, often ab- 
sorbs from the air so rapidly that it bursts into a blaze. 

PRACTICAL QUESTIONS. 

1. Why does not blowing cold air on a fire with, a bellows ex- 
tinguish it ? 

2. Why will pine-wood ignite more easily than maple ? 

3. Why is fire-damp more dangerous than choke-damp ? 

4. Represent the reaction in making CO^, showing the atomic 
weights, as in the preparation of on page 28. 

5. Should one take a light into a room where the gas is escap- 
ing? 

6. What causes the difierence between a No. 1 and a No. 4 
pencil ? 

7. Why does it dull a knife to sharpen a pencil ? 

8. Wliy is slate found between seams of coal ? 

9. Why was the coal hidden in the earth ? 

10 Where was the C, now contained in the coal, before the Car- 
boniferous age ? 

11. Must the air have then contained more plant food ? (p. 98.) 
12 What is the principle of the aquarium? 

13. What test should be employed before going down into an old 
well or cellar ? 

14. What causes the sparkle of wine, and the foam of beer? 

15. What causes the cork to fly out of a catsup bottle ? 

16. What philosophical principle does the solidification of CO, 

illustrate ? 

17. Why does the division in the chimney shown in Fig. 28 pro- 
duce opposite currents ? 

18. What causes the unpleasant odor of coal-gas ? Is it useful ? 

19. What causes the sparkling often seen in a gas-light ? 
20 Why does H in burning give out more heat than C ? 

21. Why does blowing on a fire kindle it, and on a lighted lamp 
extinguish it ? 

22. Why can we not ignite hard coal with a match 1 
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^. What causes the dripping of a stove-pipe ? 

24. Why will an excess of coal put out a fire ? 

25. Why do not stones bum as well as wood ? 

26. Why does not hemlock make " a good bed of coals ? " 

27. What adaptation of chemical affinities is shown in a light ? 

28. Is there a gain or a loss of weight by combustion ? 

29. Why does snufling a candle brighten the flame ? 

30. Why is the fiame of a candle red or yellow, and that of a 
kerosene oil-lamp white ? 

31. Why is it beneficial to stir a wood-fire, but not one of anthra- 
cite coal? 

32. Why will water put out a fire ? 

33. What should we do if a person's clothes take fire ? 

34. Ought the doors of a burning house to be thrown open ? 

35. Why does a street gas-light burn blue on a windy night ? Is 
the light then as intense ? The heat ? 

36. Why does not the lime burn in a calcium-light ? 

37. Why is a candle-flame tapering ? 

38. Why does a draught of air cause a light to smoke ? 

39. What makes the coal at the end of a candle-wick ? 

40. Which is the hottest part of a flame ? 

41. Why does not a candle-wick burn ? 

42. How does a cliimney enable us to burn without smoke highly 
carboniferous substances like oil ? 

43. How much CO^ in 200 lbs. of chalk ? 

44. What weight of CO^ in a ton of marble ? 

45. What is the difierence between marble and chalk? (See 
page 139.) ^ 

46. Why does not a cold saucer held over an alcohol flame blacken, 
as it does over a candle or gas-light ? 

47. Could a light be frozen out, i. e., extinguished, by merely low- 
ering the temperature ? 

48. How much CO 2 is formed in the coBibustion of one ton of C ? 

49. What weight of C is there in a ton of CO 2 ? 

50. How much is consumed in burning a ton of C ? 

51. What weight of sodium carbonate (Na.jCO.,, " carbonate of 
soda") would be required to evolve 12 lbs. of COo ? 

52. How much CO. 2 will be formed in the combustion of 30 grs. 
of CO? 

53. What weight of hydrogen sodium carbonate (HNaCO 3, "bi- 
carbonate of soda ") would be required to evolve 12 lbs. of COa ? 
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54 Write in double oolmnns the different properties of carbonic 
anhydride and carbonic oxide ; thus/ 

CO2 is I CO is 

1, non-inflammable. I 1, Inflammable. 



THE ATMOSPHERE. 

The " air we breathe " consists of N, 0, CO2J and watery 
vapor. The first composes |, the second J, the third 
about T^,t)UO? ^^^ ^^ 1^^ ^ variable amount.* A very 
clear idea of the proportion of these several constituents 
may be formed by conceiving the air, not as now dense 
near the surface of the earth, and gradually becoming 
rarefied as we ascend to its extreme limit of perhaps 500 
miles, but of a density throughout equal to that which 
it now possesses near the earth. The atmosphere would 
then be about five miles high. The vapor would form 
upon the ground a sheet of HjO five inches deep, next to 
this the CO 2 a layer of 13 feet, then the a layer of one 
mile, and last of all the N one of four miles. — Graham. 
In this arrangement we have supposed the gases to 
be placed in the order of their specific gravity. The 
atmosphere is not thus composed in fact, the various 
gases being equally mingled throughout, in accordance 
with a principle called the " Law of the diffusion of 
Oases.^^ If we throw a piece of lead into a brook, it will 
settle instantly to the bottom by the law of gravitation, 
and will remain there by the law of inertia. But if we 
throw into the atmosphere a quantity of C02> it will 
sink for an instant, then immediately begin to mingle 

* The N and fonn so large a part, that they are considered in ordinary cal- 
eolation to compose the whole atmosphere. 
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with the surrounding air, and soon become dissipated. — 
Example : If we invert an open-mouthed bottle full of H 
over another full of CO2J the H, light as it is, will 
sink down into the lower jar; and the C02> ^' ^[ 
heavy as it is, will rise into the upper jar; 
and in a few hours the gases will be found 
equally mixed. By this law the proportion of 
the elements of the atmosphere is the same every- ^jlif 
where, and has not varied within historic times. 
Samples have been analyzed from every conceiva- 
ble place, from polar and torrid regions, from 
prairies and mountain-tops, from balloons and /^"*> 
mines, from crowded capitals and lonesome for- 
ests, and even from bottles found sealed up in the 
ruins of Herculaneum, and the result is almost 
exactly the same. These gases do not form a ^j0^ 
chemical compound, but a mere mechanical mix- gases. 
ture,* and they are as distinct in the air as so many grains 
of wheat and com mingled in a measure. 

Each of the constituents of the air has its separate use 
and mission. The action of and N we have already 
seen. 

Uses of CO 2. — Carbonic acid bears the same relation 
to vegetable that does to animal life. The leaf — the 

♦ " To illustrate the diflFerence between a mechanical mixture and a chemical 
compoand, mix powdered S and filings of Cu. The color of the S as well as that 
of the Cu will disappear, and to the unaided eye will present a uniform greenish 
tint ; with the microscope, however, the particles of Cu may be seen lying by 
the side of those of S ; and we can wash away the lighter S with IlaO, leaving 
the heavier Cu behind. JEere no chemical action has occurred ; the S and Cu 
were only mechanically mixed. If we next gently heat some of the mixture it 
soon begins to glow, and on examining the mass we find that both the Cu and 
the S have disappeared as such, that they cannot be distinguished even with the 
most powerftil microscope, and that in their place we have formed a black sub- 
stance possessing properties entirely different from those possessed either by the 
Cu or the 8/*— Soscob. 
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plant-lungs — through its million of little stomata, or 
mouths, drinks in the CO 2- In that minute leaf -labora- 
tory, by the action of the sunbeam, the CO 2 is decom- 
posed,* the C being applied to build up the plant, and 
the returned to the air for our use. Plants breathe out 
as we breathe out CO 2- We furnish vegetables with 
air for their use, and they in turn supply us. There is 
thus a mutual dependence between the animal and the 
vegetable world. Each relies upon the other. Deprived 
of plants we should soon exhaust the from the air, 
supply its place with CO 2? and die; while they, removed 
from us, would soon exhaust the CO 2? and die a^ cer- 
tainly. We pollute the air while they purify it. Each 
tiny leaf and spire of grass is thas imbibing our foul 
breath, and returning it to us pure and fresh, f This in- 



* " In order to decompose carbonic acid in our laboratories, we are obliged to 
resort to the most powerful chemical agents, and to conduct the process in ves- 
sels composed of the most resisting materials, under all the violent manifesta- 
tions of light and heat, and we then succeed in liberating the carbon only by 
shutting up the oxygen in a still stronger prison ; but under the quiet influences 
of the sunbeam, and in that most delicate of all structures, a vegetable cell, the 
chains which unite together the two elements fall off, and, while the solid car- 
bon is retained to build up the organic structure, the oxygen is allowed to 
return to its home in the atmosphere. There is not in the whole range of chem- 
istry a process more wonderful than this. We return to it again and again, with 
ever increasing wonder and admiration, amazed at the apparent inefliciency of 
the means, and the stupendous magnitude of the result. When standing be- 
fore a grand conflagration, witncj*sing the display of mighty energies there in 
action, and seeing the elements rushing into combination with a force which 
no hnman agency can withs^tand. docs it seem as if any power could undo that 
work of destruction, and rebuild those beams and rafters which are disappear- 
ing in the flames ? Yet in a few years they will be rebuilt. This mighty force 
will be overcome ,• not, however, as we might expect, amidst the convulsion of 
nature, or the clashing of the elements, but silently, in a delicate leaf waving 
in the srmshine."— Cookb. ^ 

t From this statement it is evident that the foliage of house-plants must be 
healthful. Moreover, there is some reason to believe that the O which they ex- 
hale is highly ozonized, and therefore of great value in destroying miasmic 
germs. We should remember, however, that flowers exhale COa ; and the odor 
of certain plants, and the pollen of others, are very injurious. Plants and 
flowers, which to one person are Innocuous, are to another detrimental. Thas 
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^Plants Store up Solar JForce. — The sunbeam, 
which is thus strong enough to wrench apart the C and 
0, sends out the full of potential force, and, by its 
energy, builds up the plant. The force of the sunbeam 
is then latent in the vegetable structure. The sun shin- 
ing on a meadow causes the grass to grow. If the hay 
made from it be eaten by an animal^ the same amount of 
force will be liberated as was received from the sun. A 
tree towers upward through a century of sunshine. When 
burned, it sets free as much force as was needed to per- 
fect its growth. A bushel of corn, then, represents not 
alone so much C, H, and 0, but also an amount of sun- 
force which is available for any purpose to which we wish 
to apply it. (See Conclusion.) 

Animals Spend Solar jF^orce. — In the process of 
digestion the force stored in the plant is transferred to 
the animal, is given out by its muscles on their oxi- 
dation and produces motion, heat, etc. H3N, CO 2? and 
HgO are decomposed by the plant and organized into 
complex molecules (see p. 182), full of potential fo^ce. 
The animal oxidizes the organic molecules, and breaks 
them up into H3N, CO 2, and H2O again — simple mole- 
cules robbed of force which the animal has used. Thus 
the plant builds up and the animal tears down. The 
plant gamers in the suijbeam and the animal scatters it 
again. The plant reduces and the animal oxidizes. 

Uses of Watery Vapor. — We have already seen the uses 
of H2O. As vapor, it is everywhere present and ready to 
supply the wants of animals and plants. Were the air 
perfectly dry, our flesh would become shriveled like a 
mummy's, and leaves would wither as in an African 
simoom. Rivers and streams flow to the ocean ; yet all 
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their fountains are fed by the currents that moye in the 
air aboye us. H2O rises as yapor, flows on to colder 
regions^ falls as rain, dew, snow, or hail, and then work- 
ing as it goes whatever it finds to do, moistening a plant 
or turning a water-wheel, wends its way back to the 
ocean. Thus Niagara itself must first rise to the clouds 
as vapor before it can fall as a cataract. 

^^rmanence of the Atmosphere. — The elements 
of the air unite to form HNO3 only by the passage of elec- 
tricity, and then in minute quantities. If they combined 
more readily we should be constantly exposed to a shower 
of this corrosive acid that would be destructive to all 
vegetation, clothing, and even our bodies themselres. — 
0,*N, and CO2 are reduced from their gaseous form 
only by an apparatus specially made for the purpose, 
and under circumstances which could rarely, if ever, 
occur in Nature. These substances are therefore con- 
stantly in the condition promptly to supply the demands 
of animals and plants. — Watery vapor, on the contrary, is 
deposited as dew or rain by the slightest change of tem- 
perature ; this readiness of condensation is equally neces- 
sary to meet the wants of animal and vegetable life. — 
The permanence of the air produces all the uniformity of 
sound. Were the proportions of the atmosphere to change, 
all ^^ familiar voices" would become strange and uncouth, 
while the harmonies of music would shock us with unwont- 
ed discord. \ Each element of the air is adapted to a special 
work, and all are fitted to the present order of nature. 

♦ The liquefaction of the so-called " permanent gases," N, O, H, etc., is the 
frtttX chemical triamph of 1877. It was accomplished by Cailletet of Paris and 
Pictet of Geneva, almost simnltaneoasly. 

t If, by some means, the air of a concert-room coald be changed to H, for 
inBtance, the bass voices woald become irresistibly comic and shrill, while the 
tCDor would emulate railway whistles. 
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THE HALOGENS. 

Chlorine. .Sjmbal, CI; Atomic Weight, 35.5; Spectnc Gravity, 2.43 

Iodine.... " 1; " " 127,; " 4.94 

Bromine . . " Br ; " " 80. ; " (at 32°), 3.18 

Fluorine.. " Fj " " 19.; " 1.31 

These fonr elements are closely allied, and are known 
as the halogens, from hals, salt, because they form a class 
of compounds (Haloids) which resemble common salt 
(NaCI).* 

Chlorine is named from its green color. It is chiefly 
found in salt, of which it forms 60 per cent It is pre- 




• In compsrlng the halogens with one «DOlher. the chemical ncttvitj of P. 
which hae the emalleel atomic weight, !■ the moet pawerhil ; next to Uie onler 
of attivlty is CI, then Br, Btid, lisUy. I, the atomic welfrht Increasing M the cliBm- 
Ical energy dcclliieB. CI le gaeeons, Br. llqnld, and I eolld. The speclflc gnvItT, 
the fliBlng point, and (he boUlog point, rlee iB the atomic weight IncreaHB. Tha 
halogens combine energetical!)' with the metals, snd, when nQlted nlth the eama 
metal, ramleh compounds which are Uomorphoai ; that Is to say, they an crjs- 
inlllze Id the same fonn— potaedam fluoride, chloride, bromide, and Iodide, ftir 
siample. *n crystallize la cnbes. Each. also, forms wltli H a solnble, powerfdl 
add-BO, HI. HBr, BF. 
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pared by heating NaCI with Mn02> H2SO4, and HgO.* 
This mixture liberates the gas in great quantities. CI is 
heavier than common air, and hence may be collected by 
displacement, as in the preparation of C02> or a solution 
of the gas may be obtained by using the apparatus shown 
in Fig. 43, while the excess is gathered in a receiver. 

Properties. — CI has a greenish-yellow color, and a pecu- 
liarly disagreeable odor. It produces a suffocating cough, 
which can be relieved by breathing ammonia or ether. 
Arsenic, Dutch gold-leaf, phosphorus, etc., com- 
bine with it so rapidly as to inflame. Powdered ^* ^ 
antimony slowly dropped into it produces a Wmj 
shower of brilliant sparks. Cold water absorbs ^!^Ee 
about twice its volume of the gas, which, in ^Mf 
the sunlight, turns to hydrochloric acid (HCl). QUUJ 
01 has such a powerful affinity for H, that it |||^l 
will even attract it out of a moist organic body, |||T^! ij 
and form HCl. It acts thus upon turpentine. Turpentine 
depositing its C in great flakes of soot. It dis- ^^ ^• 
charges the color of indigo, ink, wine, etc., almost in- 
stantaneously. It has no effect on printers' ink, the col- 
oring matter of which contains no H. (See p. 222.) 

Uses. — Steaching . — In domestic bleaching the 
cloth is first boiled with strong soap, to dissolve the 
grease and wax, and then laid upon the grass, being fre- 
quently wet to hasten the action of the air and sun. The 
dew seems to hfcve a peculiar influence, while the corro- 
sive ozone of the atmosphere doubtless aids in the pro- 
cess. The H of the coloring matter unites with the of 

* The chemical reaction is ae follows : 

*™ISS!?* rSkfnS, ^'^t\'^'' ^^"iS^Jr ^n^^'^Sh^.^'" Water Chlorine 
iiioxlae Chlorlae Acid Salpoate am Salpnate 

MnO, + SNaCl + 8H,S0« - MnSO, + ^HNaSO, + 2H,0 + CI,. 



104 INORGANIC CHEMISTRY. 

the air or dew, forming H2O, and destroying the coloring 
compound.* 

The method of bleaching on a large scale is as follows: 
The cloth is well washed, and boiled in water with strong 
alkalies, to remove the grease, etc.; next it is passed 
through a solution of chloride of lime, and lastly through 
diluted H2SO4. In this step the acid unites with the 
lime, and sets free the CI, which in turn combines with 
the H of the coloring matter, forming HCl, and thus 
bleaches the cloth. "About twenty-four hours are re- 
quired for this process, and the cost is not quite a cent 
per yard." Paper-rags are bleached in the same way in 
paper-mills.f 

Disinfectant. — CI is a powerful disinfectant. It 
breaks up the offensive substance by uniting with its H, 
as in bleaching. Other disinfectants, as burnt paper, 
sugar, etc., only disguise the ill odor by substituting a 
stronger one. In the sick-room CI is set free from chlo- 
ride of lime (bleaching powder) by exposing it to the air 
in a saucer with a little HgO. The gas soon passes off, 
though the process may be hastened by adding a few 
drops of dilute acid. Chloride of lime is, therefore, of 



* This was eBsentially the proceBs long pnrsncd in Holland, where linens were 
formerly carried for hleaching ; hence the term *' Holland linen«" etill in use. 
The HaO abont Haarlem was thought to have peculiar properties, and no other 
could compete with it. Cloths sent there were kept the entire summer, and were 
returned in the fiall. Later a similar plan was adopted in England. Bat the vast 
extent of grass-land required, the time occupied, and the^mptation to theft, 
made the process extremely tedious and expensive. The statute laws of that 
time abound in penalties for cloth stealing. It is estimated that all the men, 
women, and children in the world could not, by the old way, bleach aU liie doth 
that is now used. 

t Stains can be removed fl*om uncolored cloth by " Labarraque^s Solution,'* a 
compound of CI, which can be obtained of any druggist. Place the doth In this 
liquid, and if the stain is obstinate, pour on a little boiling H,0, or place it In 
the ran for some hours. Then rinse thoroughly in cold H«0, and dry. 
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great service for disinfecting all places exposed to any 
noxious or unpleasant effluvia. Hospitals and rooms in 
which persons have died of a contagious disease are puri- 
fied by placing in them pans full of a mixture which is 
disengaging CI in large quantities. 

Compounds. — JH^ydrochtoric Acid, Muriatio 
Acid, HCL— When CI and H 
are mixed in the dark and ex- 
posed to the direct sunlight they 
unite with an explosion. In the 
arts HCl is prepared from H2SO4 
and NaCl. The reaction is as 
foUows: NaCl + H2S04= HCl + 
HNaS04. 

Properties. — It is an irrespira- 
ble, irritating, acid gas, with an 
intense attraction for HgO, which 
causes it to produce white fumes 
in the air. Water at 60° will 
absorb over 450 times its volume 
of the gas, producing the liquid known as " Mnriatic 
Acid" It dissolves the metals, and forms chlorides. 
When pure it is colorless, but has ordinarily a yellow 
tinge, due to various impurities. Its tests are H3N, with 
which it forms a white cloud of sal-ammoniac fumes, 
and silver nitrate, from which it precipitates AgCl. With 
HNO3 it makes aqua-regia,* or royal water, so called 
because it dissolves Au, the " king of the metals ; " CI is 
set free, which, in its nascent state, attacks the Au and 
combines with it. 

* Bofl HCl In a test tube with fragments of gold-leaf. They will not diesolve. 
Add A few dropa of HKO,, and a yellow solution of gold chloride will be qoickly 




Preparing HCl. 
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Calcium Sypoc?itorite (CaCl202) is an ingredient 
of chloride of lime or bleaching powder. This is prepared 
by passing a current of CI over pans of fresh slacked 
lime. It is much used in bleaching and as a disin- 
fectant. 

Catcium Chloride, the other compound of bleach- 
ing powder, was made in preparing CO2 (see p. 74). It 
is used by chemists for drying gases. It absorbs H2O so 
greedily that in the open air it will soon dissolve. 

Bromike — named from its bad odor — is a poisonous, 
volatile, deep-red liquid, with the general properties of 
CI.* It is principally found in sea-water, forms bromides 
with the metals, and is used in photography and medicine. 

Fluorike is the only element that will not unite with' 
0. It exists, in small quantities, in the enamel of the 
teeth. It is found in Derbyshire or fiuor spar (CaF2), of 
which beautiful ornaments are made. It unites with H, 
forming hydrofluoric acid (HF), noted for its corrosive 
action on glass.f (See Appendix.) This eats out the 
silica or sand from the glass, and is therefore used for 
etching labels on glass bottles and on shop windows. — 
JEJxample : Powdered fluor spar is placed in a lead tray, 
and covered with dilute H2SO4. The heat of a lamp ap- 
plied beneath, for a moment only, liberates the gas in 
white fumes very rapidly. The plate of glass is covered 
with wax, and the design to be etched is traced upon it 
with a sharp-pointed instrument. This is then laid over 
the tray, and the escaping gas soon etches the lines laid 

* Br is the only element, except Hg, which is liquid at ordinary temperatures. 
1 80 delicate is the test that by this means the presence of F has been de- 
tected in fossil teeth. 
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bare into an appearance like ground glass. A solution of 
HF in HgO is often sold for this purpose. It is kept in 
lead or gutta-percha bottles, combines with HgO with a 
hissing sound, like red-hot iron, and must be handled 
with care, as a minute drop even will sometimes produce 
an ulcer. 

Iodine is named from its beautiful violet-colored vapor. 
It is made from kelp (the ashes of sea-weed), and is found 
in sea-water and in some mineral springs. It crystal- 
lizes in bluish-black scales, emits a smell resembling that 
of CI, sublimes * slowly, and is deposited in crystals on 
the sides of the bottle in which it is kept. I is sparingly 
soluble in H2O, but readily in ether or alcohol. It in- 
flames spontaneously when in contact with phosphorus, f 
Its compounds with the metals, called the iodides, are re- 
markable for their variety and brilliancy of color. (See 
Appendix.) It stains cloth a yellowish tint, which may 
be removed by a solution of potassium iodide. Its test is 
starch, forming the blue iodide of starch. J I reveals the 
presence of this substance in potatoes, apples, etc. § It is 
much used in medicine to scatter scrofulous or cutaneous 
eruptions and swellings. 



* A body iB Bald to subUme when it riBes as vapor and condenses in the solid 
form ; when it condenses as a liquid it is said to distil. 

t Place on a clean, white dish a few scales of iodine and a bit of phosphoms as 
large as a pea. They will soon combine, igniting the phosphorus and subliming 
A part of the iodine. 

% Mix one or two drops of a solution of potassium iodide with a little dilute 
■tarch mucilage ; no change of color will occur. Add a single drop of CI water 
to the mixture ; an immediate coloration will occur, owing to the combination 
of the CI with the K, while I is set ft'ee, which acts upon the starch. Add a little 
more chlorine water ; the color disappears, owing to the formation of chlorine 
iodide, which is without action on starch. 

{ Pour a few drops of a solution of iodine in alcohol on a freshly-cut potato or 
•pple. Bfaie speckis will show the presence of starch. 
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B O R O N . 

Symbol, B Atomic Weight, 10.9. 

Soron is found in nature in combination with 0, a* 
boraeic acid. This is abundant ia the volcanic district^! 
of Tuscany.* Along the sides of the mountains, sene^ 
of baaiDS are excavated uid f]]kd witli 




PT^aiing Boraele Ada in Hiibel. 

cold water from the neighboring springs. Into these 
basins the }eta of sfeam, charged with boracic acid, are 
conducted. The HgO absorbs the acid, and itself hecomea 
heated to the boiling-point. It is then drawn off into the 
next lower basin. This process is continaed until the 
bottom one is reached, when the solution runs into leaden 
pans heated bj the steam from the earth; here the H2O 
is evaporated, and the boracic acid collected. 

Sorax (NajO, SBaOj, lOHaO) is a salt of this acid. 
It is a natural production, formerly obtained by the drying 
of certain lakes in Thibet, but since found abundantly io 

* Tbroneboat sn area of nearly iblrlr milee, te a wild, moniitabiaiu r^on. of 
terrible Tioleace and coDfuiioa. The BurfBce la iBfgeA and bltuMd. Brerr- 
where tbete Isaoo from Uio grooDd Jets of sWam, HJllDg tbe air with oBsnilVB 
odore. Tha esrth Iwelf stiakea beneath the feel, tu)d IteqnfiiU; jlalda to tbe 
tread, eHEDlODg man and beast. "Tbe waters below are beari t»l1lDg with 
■tnmge DoieeB, imd ue mcd breakiag oat npon the anrfaee. Of old, it wh re- 
garded aa the entrance to hell. Tbe peasaote paaa bj In tarror, coiuitinf th^ 
beads and imploring the protection of ttie Vlrg^" 
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Oalifomia and Nevada. When dissolved in alcohol, borax 

gives to the flame a peculiar green tint. This is an easy 

'fccst of the presence of this acid. The salt is employed in 

^Vrelding. It dissolves the oxide of the metal, and keeps 

'the surface bright for soldering. It softens hard water 

>)y uniting with the soluble salts of lime or magnesia, 

»nd making insoluble ones which settle and form a thin 

sediment on the bottom of pitchers in which it is placed.* 



SILICON. 

Symbol, Si, Atomic Weight, 28 Specific Gravity, 2.49. 

Sources. — Silicon is found in combination with as 
silica (silicic anhydride, Si02), commonly called silex or 
quartz. So abundant is this oxide that it probably com- 
prises nearly one-half of the earth's crust. (See Geology, 
p. 40.) It forms beautiful crystals and some of the most 
precious gems. When pure, it is transparent and colorless, 
as in rock crystaL Jasper, amethyst, agate, chalcedony, 
blood-stone, chrysoprase, sardonyx, etc., are all common 
flint-stone or quartz, colored with some metallic oxide. 
The opal is only Si02 and H gO. Sand is mainly fine quartz, 
which, when hardened and cemented, we call sandstone. 
Yellow or red sand is colored by iron-rust. 

Properties. — It is tasteless, odorless, and colorless. It 

♦ Borax is extensively used in "blow-pipe analysis." When melted with 
chromiiim oxide, it gives an emerald green ; with cobalt oxide, a deep bine ; with 
copper oxide, a pale green ; and with manganese oxide, a violet.— The Salt, or 
Alkali, Marshes of Nevada, contain extensive deposits of sodium chloride, 
•odinm carbonate, sodinm borate, calcium borate, etc. There are hundreds of 
acres corered to a depth of nearly two feet with crude, semi-crystalline borax. 
See an article entitled "Borax in America,'' in the Popular Science Monthly, 
July, 1889. 
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I* Terr jcr^rige to edl such an inert substazK 
Az. izjijiriif: Tec i: rvadily nnites with the alkalie 
-TZtrk^iTcr? iJiTir pr^jK-rrif?*, and forms a large class ( 
?;ili? k-.TTL is :lr ?:'.L^:e5. which are found in the mo 
%:v--:- rxkiw — Ez.jr'np!^ : feldspar, found in granite. 

Si/iCii iM Soil and ^/ar/i/r.— Silica is insolub 
ir- H2C. -Tilrte i: :>>n rains some alkali. When the sil 
.:;i:c:>. >: i . uniac: iu roeksw dLsintesrate and form soil, tl 
ilkj i ani sil::ti are K :h dissolved in the water, and take 
UT I: V the rxts of plants. We see the silex on the surfiu 
■>f 5^v:ir:'j.i:-n<hes and sword-grass, which cut the finge: 
if handler! c-arelesslj. It gives stiffness to the stalks < 
whva: an.l other grains, and produces the hard, shiw 
snria:e -f l«am;.H>». com, etc. 

"Ptlri faction . — Certain springs contain large quai 
titles of some alkaliiiO carlxmate: their waters, therefor 
dissolve silica abundantly. If we place a bit of wood i 
them, as fast as it decays, particles of silica will take ii 
place— atom by atom— and thus petrify the wood. Tl 
wood has not been changcl to stone, but has been replace 
hy stone. 

Compounds. — T/ie Si/icr//es. — G\fX8s* is a mixtui 

« UIaii4 was koown to the anclente. nicroglyphics, tiiat an older than I 
Hojuurn of the Israelites in E^'ypl, reprei>ent glass-biowers at work, much afl 
the fttJ'hlon of the i)rtMcnl. In the ruins of Nineveh, articles of f^hn^s. soch 
vaseH. bowl-, etc., have been di»covcred. Mammies, three thousand years o 
are adorned with glanh headp. The inventor is not known. Pliny tells oa Xl 
nonie niorchantH, once encamping on the soa-shore, found in the remains of tb 
fire l)itM of K}aft*, formed from the ^and and aifhcs of the sea-weed by the hei 
but thiM 1h impoHHihlc, as an oiKn fire is not sufficient to melt the«e materia 
Iu the fourlli century B.C., the ^'lant* works at Alexandria produced exquia 
ornnuK-nlH. with rnincd flgurcK beautifully cut and gikU>d. But in tho tweU 
rrniury a.I)., glnrts wan Htill ho costly in England that glass \(indows w( 
thiMiuhl vi'ry uuiKuiflceui: and, as lato even us about 1500, when the great Ei 
of Nnrihuniberlttud left one of his hotu$cs for a time, he was careful to have t 
irlaM* of tho w*.ndows taken down and packed for safe keepinK. 
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^f several silicates. There are four varieties used in tlie 
^"irts. 1. Window or plate glass is composed of silicates of 
Oalcium and sodium. It is made by heating white sand, 
Bal-soda, and lime in clay crucibles for about forty-eight 
ItouTS, when the materials fuse and combine into a double 
silicate. The Ca hardens and gives lustre; the Na ren- 
ders the glass fusible, but imparts a green tint 2. Bohe- 
mian glass consists of silicates of calcium and potassium. 
Unlike Na, K gives no color. 3. Flint-glass * or crystal 
contains silicates of potassium and lead. The latter is 
used in large quantities and produces a soft, lustrous 
glass, which can be ground into imitation gems, table- 
ware, chandelier pendants, prisms, etc. 4. Green bottle- 
glass is made of silicates of calcium, sodium, aluminum, 
and iron. The last gives the opaque green of the com- 
mon junk bottle. 

Coloring Glass, — A small quantity of some metallic 
oxide melted with the glass furnishes any tint desu-ed : 
Co gives a beautiful sapphire blue ; Au or Cu, a ruby-red ; 
Mn, a violet ; U, a yellow; As, a soft white enamel, as in 
lamp-shades ; and Sn, a hard enamel, as in watch-faces. 

Annealing Glass. — If the glass utensils were 
used immediately, they would be found extremely brittle, 
and would drop in pieces in the most unaccountable way. 
The heat of the hand or a draft of cool air would some- 
times crack off the thick bottxjm of a tumbler. They are 
therefore cooled very gradually for days, which allows 
the particles to assume their natural place, and the mo- 
lecalar attractions to become equalized, f 

* So caUed becaase pulverized flint was formerly used for sand, 
t This principle is beautifully illustrated by the philosophical toy known as 
the '' Prince Bapeit'a Drop." (See Phytics^ p. 46.) 
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Omamentat Ware. — Venetian balls or pap^^ 
weights are made by arranging bits of colored glass i -:3 
the form of fruits, flowers, etc., and then, inserting therrxr 
in a hollow globe of transparent glass, still hot, the worki- 
man draws in his breath, and the pressure of the ai_r 
above collapses the globe upon the colored glass, and 
leaves a concave surface in the opposite side of the weighfc 
The lens form always magnifies the size of the figures 
within. 

Tubes and Seads. — In making glass tubing, the 
workman inserts his iron blowing-tube in a pot of melted 
glass, and gathers upon the end a suitable amount; 
drawing this out, he blows into the tube, swelling the 
glass into a globular form. Another dip into the pot and 
another blow increase its size, until at last a second 
workman attaches an iron rod to the other end. The 
two men then separate at a rapid pace. The soft glass 
globe diminishes in size as it lengthens, until at last it 
hangs between them a glass tube of a hundred feet in 
length, and perhaps only a quarter of an inch in diameter. 

For making beads, glass tubes are cut in short piecesf, 
and then worked about in a mixture of wet ashes and 
sand, until they are filled. They are next put with loose 
sand in a cylinder rapidly revolving over a hot furnace. 
The heat softens the glass, but the mixture within presses 
out the sides, and the sand grinds the edges, until at last 
the beads become round and perfect, and are taken out 
ready for market. 
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SULPHUR. 
Symbolj S Atomic Weighty 32 Specific Gravity, 2. 

Sources. — S is found native in volcanic regions. It is 
mined at Mount -^tna in great quantities. United 
^th the metals it forms sulphides, known as cinnabar, 
iron pyrites, galena, blende, etc. Combined with it 
exists in gypsum (plaster), heavy spar, and other sul- 
phates. It is found in the hair, and many dyes contain 
Pb which unites with the S, and forms a black compound 
that stains the hair. It is contained in eggs, and so tar- 
nishes our spoons by forming a sulphide of silver. It is 
always present in the flesh, and hence manifests itself in 
our perspiration. In commerce it is sold as brimstone, 
formed by melting S and running it into moulds ; also 
as flowers of sulphur, obtained by sublimation. 

Properties. — It is insoluble in HgO, and hence taste- 
less. Its solvents are carbon disulpliide (CS2), oil of tur- 
pentine, and benzole. It is a non-conductor of heat, and 
crackles when we grasp it with a warm hand. It mani- 
fests itself under four allotropic forms: 1st, octahedral 
crystals ; 2d, prismatic crystals ; 3d, an amorphous (with- 
out form) or uncrystallized state; and 4th, a viscid 
condition. The last is the most interesting. — Example : 
When S is melted, and then heated more strongly, it 
changes to a thick, viscid, dark-colored liquid resembling 
molasses. If this is poured into cold water, it becomes 
elastic like india-rubber. In this form it is used for tak- 
ing impressions of medals, coins, etc. (See Appendix,) 
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Uses. — On account of its ready inflammability, S L^ 
employed in the making of matches and gunpowder, bur J 
its chief consumption is in the production of H2SO4. 

ComifounA^,— Sulphurous ^nhydridCy SO2, aic^ 
irrespirable, suffocating gas, is formed by S burning in thc^ 
air, as in the lighting of a match. It is very poisonous^ 
and extinguishes combustion. If our "chimney burns'^ 
at any time, we can easily quench the flame by pouring a^ 
little S into the stove. 

Uses. — SO2 is used for bleaching silk, straw, and— 
woollen fabrics. CI turns them yellow, but SO2 unites^ 
with the coloring matter, and forms a colorless compound. 
Its action is therefore very different from that of CI. — 
Example : A red rose, bleached in the fumes of burning 
S, can be restored to its original color by very dilute 
H2SO4. This acid being stronger, neutralizes the action 
of the SO2. N^ew flannels, washed in strong soap, turn 
yellow, because the alkali of the soap unites with the SO2 
used in bleaching the cloth, and thus sets free the origi- 
nal color. S is also frequently employed to check fer- 
mentation, as when it is burned in a barrel before filling 
wilh new cider. 

Sulphuric Anhydride^ SO3, may be prepared by 
the oxidation of SO 2 or by removing H2O from H2SO4. 
It is often called anhydrous sulphuric acid. If Nord- 
hausen acid * be heated, the vapors may be condensed in 
a mass of silky, crystalline fibres of SO3. This will show 
no acid reaction, will not redden blue litmus-paper, and, 
if the fingers are dry, can be molded like wax. If it be 
dropped into H2O, it will hiss like a red-hot iron, and 

* So named from the German town near which it was formerly made by the 
distillation of green vitriol (iron enlphate). 
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AOrming H2SO45 will exhibit all the properties of that 

Corrosive substance. 

Sulphuric Acid J Oil of Vitriol, is the king of the 

^^ids. It is of the utmost importance to the manufac- 

^^ler and chemist, as it is used in the preparation of 

^^5arly all other acids, and forms many valuable com- 

I^ounds. 

Preparation. — If we bum a little S in a bot- -^'^ ^7. 

"tie it will soon become filled with a white VL 
oloud of SO2. N^ow another atom of would ^Bg^ 
inake this SO3, sulphuric anhydride. Nitric 
acid, it will be remembered, easily parts with 
its 0. So if we stir the SO 2 with a swab wet 
in aqua-f ortis, we shall quickly see the familiar 
hyponitric acid fumes, indicating that the acid ^^J!!^ 
has been decomposed and has given up its 0. 
Add a little water and shake the jar thoroughly. On 
testing the liquid with a few drops of a solution of 
barium chloride, the beautiful white precipitate will 
prove the presence of H2SO4.* 

2'Ae Ma7iufachire of Sutphtiric Acid on a 
large scale is based on the principle of the preceding 
illustration. The process is facilitated by the curious 
fact that the nitric oxide (NO) produced by the decom- 
position of the HNO3 has the property of acting as a car- 
rier of between the common air and SO 2? whereby it 
can oxidize an almost indefinite quantity, thus forming 
SO3, which, in the presence of HgO, will be at once con- 
verted into H2SO4.. S is burned in a current of air in fur- 
naces A, A. In the stream of heated gas is suspended an 

* The reaction In making the acid may be thas ezpreseed : SHNOa 4 80,= 
H,80. -t-SNO.. 
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iron pot, 5, charged with a mixture of eodinm nitrate anc»^ 
H2SO4. Vapors of HNO3 are thus set £ree, and thea»^ 
paea ob mixed with SOj and excess of atmospheric Mr»- 




Mani^factvrt of HtSO.. 



The mingled gasGs pass into immense chambers, F, of 
sheet lead. A shallow layer of H2O, d, covers the floor, 
and the intermixture and chemical action of the gases 
are further favored by the injection of jets of steam, e, 
supplied from the boiler, G. 

The chemical action which ensues may be explained 
as follows: — The nitric acid is quickly reduced to nitric 
oxide, NO. This takes up an atom of from the Mr, 
becoming NOj, and flies back to the SO3 making a mole- 
cule of SO3, which, with a molecule of HjO becomes 
HjSO^, a molecule of sulphuric acid. The NO once 
more seeks the air and returns laden with for the S02- 
This process continues until the chamber becomes ao foil 
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Of the sluggish N that the other gases are nearly lost in 
itj, when they are allowed to escape gradually. The weak 
Sulphuric acid which collects on the floor is drawn off 
Qjid condensed by evaporation in lead pans, and finally, 
'when it begins to corrode the lead, in platinum or glass 
stills. It is lastly put in large bottles packed in boxes 
called carboys, when it is ready for transportation. 

Properties. — It is a dense, oily liquid, without odor, 
and of a brownish color. Its afifinity for moisture is most 
remarkable. If exposed in an open bottle it gradually 
absorbs water from the air, and increases in bulk, 
sometimes even doubling its weight. It blackens wood 
and other organic substances, by taking away their H2O 
and leaving the C* When mixed with HgO, it occupies 
less space than before, and produces much heat ; 4 parts 
of acid to 1 of H2O will boil a test-tube of water. It 
commonly contains lead, which falls as a milky precipi- 
tate (PbS04) when the acid is diluted. It is the strongest 
of the acids, and will displace the others from their com- 
pounds. It stains cloth red, but the color can be re- 
stored by an alkali, if applied immediately. Its test is 
barium chloride, which forms a white, cloudy precipi- 
tate. In this way a drop of H2SO4 can be detected in a 
quart of HjO. 

JBjydroffen Sulphide ^ HgS, Sul-pliur cited Hydrogen, 
Sulphydrii Add. — This gas is produced in the decay of 
organic matter, and is always found near cess-pools, drains, 
and sinks, turning lead paint black and emitting a dis- 
agreeable smelL It gives the characteristic odor to the 

* Strong ofl of vitriol poared on a little loaf-engar moistened with hot water, 
will canse an energetic boiling and a copious formation of black charcoal. Sngar 
consiBtf of water and charcoal, and givee up the former to satitify the acid. 
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"*■ ** mincnJ waters of Atqd, 

Clifton. SharoQ, nd 
other celebrstt^d SDlpbnr 
«pring3. It is prepand 
by tie action of ililnte 
HjSO, nptin ferrons sul- 
phide (FeS). The reac- 
tion ia aafollowg: FeS + 
HaS04 = FeS0*+H2S. 

HjS has the disgostiiig 

odor of rotten eggs. It ii 

very poisoBous, and thefe- 

foru makes aa open sewer 

destmctiTe to health. Its solution in H3O is much need 

in the laboiatorv to precipitate many of the metals as 

' solphides. Its test is lead acetate (sugar of load.) 

Carbon Due/pfiide. CS,, is produced bj pasaiiig 
the vapor of S over red-hot coals. It is a volatile, color- 
less liquid, and has never been frozen. The £ict that 
a yellow, odorless solid thus unites with a black, odorless 
solid to form such a colorless, odoriferous liquid, illns- 
trates very finely the power of chemical affinity. CSj 
readily dissolves S, P, and L It is a powerful refractor 
of light, and is used for filling hollow, glass prisms 
employed in experiments with the solar spectrum. In 
its combustion it unites with 0, forming COj and SOj. 



PRACTICAL QUESTIONS. 

t. If chlorine water Btanda In the atmliglit for a time, U will onlj 
redden n UUunti-Rolatton. Wby doen it not ble&cli It? 

9. Why do tlDeiniths molBten with HCI, or ail-UiunonlM; I 
■nr&ce of metals to be soldered T 



, U will onlf I 
monlM; 111* I 
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no 



3. Bdn macli HCl can bo made from 3G lbs, of commoD salt 1 

4. Wh«t weight of NaCI would be required to form 25 lbs. of 
mnTwtic acid t 

5. HCl of aeperffic gravity of 1.2 coDtainB almut 40 per cent.o 
tie gaa. Thia is very stfong commordal add. What weight could 
be fanned by the HCl acid gas produced in the reaction named in 
tiie preceding problem ? 

8. What ia the difference between sublimntion and distillation? 

7. Why do eggs discolor tiilver tipoons ? 

8. Explain tlie principle at hair-dyea, 

9. Why IB new flaunel apt to turn yellow when washed 7 

10. Is it safe to mix oil of vitrial and water in a glass bottle ? 

1 1. What is tlie color of a sulphuric acid Btain on cloth ? How 
would you remove it f 

12. What causes the milky look when oil of vitriol and water a: 

13. What is the chemical relation bctwi^en animals and plautsf 
Which perform the office of roductinn, and which of oxidation 7 

14. How many pounds of S are contained in a cwt. of l-l,SO, ? 

15. How much and H,0 are needed to change a ton of SO, t 
H.SO.T 

la. How much O in a lb. of H^SO, ? 
^^^^LState the analogy between the compounds of and S, 

' PHOSPHORUS. 



Symbol, P Atomic Weight, 31 Specific Gravity, 1.83. 

The naftie PhoBphoras signiflea light-bearer, given be- 
cause this Biibstauce glows in the dark. It was called by 
the old alchemiats " the sen ol Satan." * 



■ The (bnowlng nlDgaUr crent la Biid to tUTo occnrrod nunj TOin b«rore the 
repntsl (llicoverT of phoaptoru* by Brandt In 1B89. A ctrtaln Prince San So vero, 
•I Ntplu, «poB*d fome homBn skollB to the •tlion of FCreral resesnts, >tid 
ibm to the ha»l of a fornscn. Prom Uic prodncl he obWliied « •abBlaDCe vh\fh 
tamed Ibr moDttu wlUtont ippirent loai of weight, Sui BcTero tttatei to 
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SaHBH. — ix exiBtx ia omll <)BKitities in rocks, aodbj 

iktar dcMj jaoBCS into the soil, ia taken Dp b; plants, b 

[ tteo stand ia tkor seeds (vb«st. com. oats, etc), ud 

ftasUf pMsea iato oar bodiea. As c^ciom phosphate 

("phoqiikate of lime"), it k « 

promineBt coastitaent of «tr 

bwies.* PhosphorasissoneMt- 

nuT to theoperatioQ of the bnm 

that the alcbemists had a flsrio^ 

'" Xo phosphoms, no bmins." 

Pr^Mration.— It is prepand 
ia im mease qnaotities from 
boDe& Thes^ are first cakaned 
to whiteness to bum out the 
atunial matter, then treated with 
H3SO4 to remove the Ca (pp. 140, 230), and lastly heated 
to a high temperature with C to deoxidize iho phospbo- 
rns, which distils as a vapor, and is condensed nnder H jO. 
Properties. — It ia a wasy. translucent solid, at all tem- 
peralurcs above 33"' emits a feeble light, melts at 111°, 
and ignites at a little higher temperature. It ^ould 
bo handled with the utmost care, always kept and cnt 
under HaO, and never used except in very small qaantj- 
ties. Its bums are deep and dangerous. It is poisonous 
and its vapor produces horrible ulcerations of the jaw- 
bone in workmen who use it. 
Amorphous ^o/7«.— Heated for Bevend hours ai 



* " or phmphoma oerr ■dull person cinitw enongb (II Itw.) abonl wttb him 
In hli bod)' to n»ke il leaal 4.0On of tho ordlnirj Iwo^bdI packaitri of frtclion 
nwldiiM.hnt br \\of,t nothitvii quite mlpbnr enongh to (omplelf thai quiQilIjDt 
lluIllUaliic«adUi7ei>mbuilbl»."'KioHau'a nnMtSt' 
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* ^mperature of about 500°, in a close vessel filled 

^^ttx N or C02> the melted phosphorus changes into a 

^ct-red solid^ and seems to lose all its former proper- 

^^s. It is now insoluble in CS2, which can be used to 

^^^^ssolve out every trace of the common form. Its spe- 

^^c gravity is increased to 2.14. It can be handled with 

^^^punity, carried in the pocket like so much snuff, and 

^ven heated to nearly 400° without taking fire. At a 

^ttle over 500°, however, it changes into the common 

form and bursts into a blaze. 

Uses. — Matches* — The principal use of phosphorus is 
in the manufacture of matches. 1. The Lucifer Match. — 
The bits of wood are first dipped in melted S and dried ; 
then in a paste of phosphorus, nitre, and glue, which 
completes the process. The object of the nitre is to fur- 
nish to quicken the combustion. Instead of this, potas- 
sium chlorate is sometimes used ; it can be recognized by 
a crackling sound and jets of flame when ignited. The 
tips are colored by red-lead, or Prussian blue, mixed in 
the paste. When a match is burned, the reaction is as 
follows : first, the friction ignites the phosphorus, which 
bums, forming P2O5 ; * this produces heat enough to in- 
flame the S, which makes SO 2 ; lastly, the wood takes 
fire, and fonns CO2 and H2O. Thus there are four com- 
pounds produced in the burning of a single match. 

2. The Safety Jfo^cA.— The pieces of wood are dipped 
into melted paraffine (see p. 2^5) and dried. They are 



• The burning phosphoniB produces a very luminous flame, because of the 
reflection of light from the dense vapor (PaOj). The following experiment is 
▼ery snggeBtiye in this connection : Ignite a bit of phosphorus placed upon a 
sheet of white paper. The paper will be blackened just where the phosphorus 
lay, but will not take Are; and after the flame is extinguished, one can write 
upon it with pen and ink, close to the edge of the charred portion. 

6 
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then capped with a paste of potassium chlorate, sulphide 
of antimony, powdered glass, and gum-water. They 
ignite only when rubbed on a surface covered with a 
mixture of red phosphorus and powdered glass. 

Phosphorescence. — The luminous appearance of 
putrefying fish and decayed wood is well known. The 
latter is sometimes called " fox-fire." The " glow-worm's 
fitful light " is associated with our memory of beautiful 
summer evenings. In the West Indies, fire-flies are found 
that emit a green light when resting, and a red one when 
flying. They are so brilliant that one will furnish light 
enough for reading. The natives wear them for orna- 
ments on their bonnets, and illuminate their houses by 
suspending them as lamps. The ocean occasionally takes 
on strange colors, and the sailor finds his vessel plowing 
at one time apparently a furrow of fire, and at another 
one of liquid gold. The water is all aglow, and the flames 
seem to leap and dance with the waves or the motion of 
the ship. The phenomenon is produced by multitudes 
of animalcules which frequent certain seas.* 

Compounds.— .fi[)^rfr^y^^ Phosphide, H3P, Phos- 
phuretted Hydrogen, is formed in the decomposition of 
bones and organic substances. It is a poisonous gas, 
remarkable for its disgusting odor, for igniting spontane- 
ously on coming to the air, and for the singular beauty of 
the rings formed by its smoke. It is prepared by heat- 
ing in a retort a strong solution of potash containing a 
few bits of phosphorus. It has been thought by some 
that the Will-o*-the-wisp, Jack-o'-the-lantem, etc., as seen 
near graveyards and in swampy places, are produced by 

* Many substancee, after having been exposed to the light, will ehine for eome 
time when removed into the darkness. They possess the property of absorbing 
invisible actinic-rays and slowly emittin^r them as Tisible light-rays. Thus, a 
dial coated with the so-called Luminous Paint (calcium sulphide) will show the 
time at night 




this gM comiDg off from decaying substances, and igoiting 
u it reacliea the air. 
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Symbol, Ah Atomic Weight, 75 Specific Gravity. 5,9. 

Volattltiti u^t/teui /ution at alxnil SUi' F. 

As is a brittle, steel-gray metal,* commonly sold, when 
impure, as coball.f If heated in the open air it gives oil 
the odor of garlic, which is a test of As. 

• Anenlc verj mach neemblsi phoaphonw In IM tTineml propcrtliM', and in 

Tbcntarr cJ»9<Ded wltb it, bai Ic doodacu elecCrtdtj'iuailc^rar^ly, nud taui blgh 

brilliauT. It BCDin* lo bs lulermedlale belwcea Ihe aoii-nieUiln and tbs mcMlii, 

t Cobiill I* ■ Rddiab-RhlM mcul. found in eombiiuilioa nllh anenie. Co 

tMrInd ila Bunt (rom thu mlnoni, l)e€flm'e LU nre loolied so bright th»l thay 

:Uiln^ caloiblc ; bal wbfu, b; roaiUaii. It cmm- 

DiulvaB mncked br the evil spirit (Eaboll) of ibo 

-\en a benDllftil bfufl flvs. wbkfa, irben groitnd 

IlntlD)- iiaper. and bf IiuidTy women to glTii 

I. elc. Iln Impure oilde, callni v^rr. Imparu 

uid porcoliln. TbccblDHdeCCoCl.jlinMd 

lib ■ dilute aalutlon of II ■» InTlalU* 



obUIn 

bled lo »lu». Ibsy bellored them. 
ulBMi. The Dilde of cnbaU nuk 
■)M. I* mllod muiJt. ItiFDFsdIb 
tba flatahed look lo canilirici. Uiii 
Um bine colrir lo mmman eartheDWE 
(•■■Tiiipatheiic Ink. Lettcn 



H,0 absorbed ffom the air. bat on Jwlue d 

Mom. •««tn become Woe. If (tm paper be liOd ■fWe the wrlHngwin rt 
pew, bQl nuy be r«Tlved In the name munor. A wIMcr landKBpo nu 
drawn with India-Ink. the leave* being added with thia Ink. On being bn>n);lil 
to tbe MiF II will bloom Into the folUict of sammer. ' 



12Ji, INORGANIC CHEMISTRY, 

Arsefiious AnhydridCy AS2O3. — This is the well- 
known ^^raUhaneP and is sometimes sold as simply 
"arsenic." 

Preparation. — It is made in Silesia, by roasting arseni- 
cal iron-ore at the bottom of a tower, above which is a 
series of rooms through which the vapors ascend, and 
pass out at a chimney in the top. The As bums, form* 
ing AS2O3, which collects as a white powder on the walls 
and floors of the chambers above.* 

Properties. — "Arsenic" is soluble in hot H2O, and has a 
slightly sweetish taste. It is a powerful poison, doses of 
two or three grains being fatal, although an over-dose 
acts as an emetic. It is an antiseptic, and so in cases of 
poisoning frequently attracts attention by the preserva- 
tion of parts of the body, even twenty or thirty years 
after the murder has been committed. The antidote is 
milk or whites of eggaf 

Marshes Test. — There is no other poison which is 
so easily detected. Prepare a flask for the evolution of H. 
Ignite the jet of gas, and hold in the flame a cold porce- 
lain dish. If it remains untarnished, the materials con- 
tain no As. Now pour in through the funnel-tube a 
few drops of a solution of As ; J the color of the flame 
will be seen to change almost instantly, and a copious 
'* metallic mirror" of As will be deposited on the dish. 



* Its removal is a work of great danger. The workmen are entirely enveloped 
in a leathern dress and a mask with glass eyes ; they breathe through a moistened 
Bponge, thus filtering the air of the fine particles of arsenic floating through it 
Yet, in spite of all these precautions, they rarely live beyond forty. 

t The exact chemical antidote is hydrated ferric oxide. In this, as in most 
other cases of poisoning, where the antidote is not at hand, an emetic should be 
taken at once— a tea-spoonftil of mustard in a glass of warm water, or even a 
(fuantity of soap-suds. (See Physiology y page 909.) 

t This is made by dissoMng i^ UtOe A^fO, in QCL 
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^^ gas formed in this experiment — arseniuretted hydro- 
^^--ifi very poisonous indeed, and the utmost care 
^oiild be used to pre- 
^®^t its inhalation * _ ^' ^' 

'Arsenic -JSating. 
"^^It is said that the 
^^^sants in a portion of 
^^ ungary are accus- 
^med to eat As, both 
'^^ting and as a season- 
■^>3g to their food. A 
V^ery minute portion 
^Vill wann, stimulate, 
^nd aid in climbing 
lofty mountains. The 
arsenic-eaters are de- 
scribed as plump and rosy, and it is said that the young 
people resort to this dangerous substance, as a species of 
cosmetic. They begin with small doses, which are grad- 
ually increased; but if the person ceases the practice, 
all the symptoms of arsenic poisoning immediately 
appear. Horse-jockeys sometimes feed arsenic to their 
horses to improve their flesh and speed. 

♦ In a case of poisoning, of course, the contents of the stomach would be 
BubBtituted for the solution of As, and other tests besides this would be cm- 
ployed. We can imagine with what care a chemist would conduct the examin- 
ation, and with what intense anxiety he would watch the porcelain dish as the 
flnme played upon it, hesitating, and dreading the issue, as he felt the life of a 
feUow-being trembling on the result of his experiment. 




Marshes Test. 
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THE METALS- 



THE METALS OF THE ALKALIES. 
K, Na, L, Cs, Rb, and H,tN(?). 



POTASSIUM, 

Symbol; K. . . . Atomic Weight, 39 ... . Specific Gravity, 0.88, 

Source. — K is found abundantly in the yarious rocks^ 
which by their decomposition furnish it to the plants 
from which we obtain our entire supply.* 

Preparation. — This metal was discovered by Sir Hum- 
phrey Davy, in 1807. On passing the current of a power- 
ful galvanic battery through potash^ the globules of the 
K appeared at the negative pole. The metals Na, Ba, Sr, 
and Ca, were afterward separated in the same manner. 
This discovery constituted a most important epoch in 
chemistry. K is now prepared by distilling in iron bot- 
tles, at an intense heat, potassium carbonate and charcoal 
The green vapors of K are condensed in receivers of 
naphtha, and CO passes off as a gas. K2C03 + 2C=K2 + 
3C0. It is a difficult and dangerous process. The vapor 

* " An acre of wheat prodncing twenty-flve bnshels of grain and 8,000 Iba. of 
Btraw, removes about 40 lbs. of potash in the crop. An acre of com, prodnc- 
ing 100 buBheie, removes in kernel and stalk 150 lbs. of potash and 80 Ib«. of 
phosphoric acid. An acre of potatoes, yielding 900 bnshels, will remoye in tubers 
and tops 400 lbs. of potash and 160 lbs. of phosphoric acid. A pound of wheat 
holds a quarter of an ounce of mineral substances, and a pound of potatoes odd* 
eiffhth of an ounce."~Kic90L8. 
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fire instantly on contact with air or water. It also 
*h8orbs CO, and the compound, if kept, becomes power- 
Mj explosive. To prevent this danger, the K is imme- 
^tely redistilled. 

Properties. — K is a silvery-white metal, soft enough to 

^ spread with a knife, and light enough to float like cork 

^te afl^ty for is so great that it is always kept under 

^G Surface of naphtha, which contains no 0. K, when 

'*irown on H2O, decomposes it, sets 

^e one atom of H, and forms KHO. 

■*'*ie heat developed is so great, that 

^© H catches fire and bums with 

^Oine volatilized K, which tinges the ^ „ ^ 

"amc with a beautiful purple tint. 

^f the H2O be first colored with red litmus, it will become 

Wue by the alkali formed. 

Compounds. — Potash, K2O, has so great an affinity for 
HgO that the anhydrous form is rarely prepared. Its 
hydrate, KHO,t is a white solid made from potassium 
carbonate by the action of slacked lime. It is the most 
powerful alkali. It neutralizes the acids, and turns red 
litmus to blue. It is used to cauterize the flesh, and is 
hence commonly called " caustic potash.^' It dissolves 
the cuticle of the finger which touches it, and so has an 
unctuous feel. It unites with grease, forming soap, in 
the manufacture of which it is extensively used. 

^Potassium Carbonate ^ K2CO3, t Pearlash, '' Car- 
bonale of Potash," is obtained in the following manner : 

• Cat the metal in email pieces and cover it with a receiver, since the melted 
globale burets at the close of the experiment. 

t KB0-i-Ha0=2(KH0), 01 2 molecules of potassium hydrate. 

t The eymbol KtCO, is merely a list of the elements, and the proportion of 
Mch cootained in a molecule of potassium carbonate. It is called an empirical 
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Potaah exists in planU, cumbiDctl witli Tarioas ncide, rack 
l M tartaric, malte, oxalic, etc Wben the wood is bunted, 
tte organic acids are decomposed bj the heat, and ths 
COa combines with the KjO, forming K3CO3. The ashes 
are then leadied and the l^ is evaporated, wben the a^t 
CTT^taUiKS. This fonna potaadiun carbonate, the "poU 
. " of commeice. When refined it is called " {learlsah." 
I Where wood ia abundant, immense quantities urv bnnied 
solely for this product. Birch gives the pnreet potash, 
while the teavea of a tree farnieh twenty^gve times as 
much as the heart.* 

Mjdrogen ilhiatsiam Carbonate, \ HKCOj, BiA- 
eraiiu. " Bicarbonate of Polaah," I is prepared b; pass- 
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iiig CO3 through a strong soiution of potasgium car- 
bonate. 

ffitassium Mirate^ KNO3,* mtraie of Potash, 
Saltpetre, yUre, — This salt is found as an efflores- 
cence on the soil in tropical regions, especially in India. 
It ia obtained thence by leachiug.f It is formed artifi- 
cially by piling up great heaps of mortar, refuse of sinks, 
stables, etc " In about three years, these are washed, and 
each cubic foot of the mixture will fumiaii four or five 
ounces of saltpetre." It dissolves in about three and a 
half times it.a weight of cold H2O. 

Properties and Uses. — It is cooling and antiseptic; 
hence it is used with common salt (NaCI) for preserving 
meat. It parts readily with its 0, of which it con- 
tains nearly 48 per cent,, and deflagrat«s brilliantly. 
Every government keeps a largo supply on band for 
making gunj>owder, in the event of war. Gunpowder ia 
now composed of about six parts, by weight, of nitre, and 
one each of charcoal and sulphur — the proportion varying 
with the purpose for and the country in which it is made. 
Its explosive force is due to the expansive power of the 
gaecs formed. At the touch of a spark the saltpetre gives 
np its to burn the S and C. The reaction that ensues 
may t>e approximately represented as follows*: aKN03 + 
S+3C=K2S + N2-|-X0a. 

N and CO3 are gases, and in the great heat of perhaps 
2,000°, high enough to melt silver or copper, the K^S be- 
comes a vapor. With the sudden increu^e of temperature 
they all expand till they occupy at least 1,500 times the 

et S3, note.) 
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e of the poWcT.-— MttXEX. Th« bad odor oC bnral 
r is doe to the dor fonDsdon o( H^S in the resid- 
«na. F w w wfta &re compoded ot gnnpowder ground 
with additaoBiI C Knd S. and eome coloriag matter. Zinc 
fifiags prodms gneo etan:steel fiUngs.Tariegaled ouee. 
SfSNOs tinges Ame with criicson. Sftlts of copper g;ive 
• Une or grwn tight, uid camphor a pure vbite one 

f^tastimm Chlorate, KCtO,, is a white, crystjUliwd 
■It nach used in preparing oirgen, making matcfaet, 
finworks. etc It is a powerful oxTdliiag agent* 

^fhfassimm Sickromate\ is a red salt highlj 
raloed in dTetng. calico-printing, and ptioto-litht^nqibj. 
If w« nix « edntion of this salt and one of sagar of leid, 
A }«Uow-oolored preeipitatc will be formed, known in the 
vts as duome-jellow {le«d chromate). 



SODIUM. 



I 

alt. Its I 



S/ntol, Ni . . . . Atomic Weight. 23 ... . Sptcifit GrtTit;, I 

This metal is fonnd principally in common salt. Its 
pr^panttion is similar to that of K, bnt is more easily 
managed. It is very like K in appearance, propertiee, 

■ Utr iiiplM .' I. Onirr ■ Ml of pbcwpboni*. M taigw Obb ■ mniUrd Hed. 
(tlUi flmlr pomltiv) KilO, iSm Ar^mmfi. in^ l> ■ paptr and lij li on u 
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*Dd reaction. When thrown on HqO it rolls over its sur- 
fi*ce like a tiny silver ball ; if the HgO be heated, it bursts 
^nto a bright yellow blaze. The test of all the soda salts 
^s the yellow tint which their solution in alcohol gives to 
flame. 

Compounds. — Sodium C/iioride^ NaCI, Comynon 
^^ty is a mineral substance absolutely necessary to the 
'^e of human beings and the higher orders of animals. 
^^ does not enter into the composition of tissue, but is 
^^ential to the proper digestion of the food and to the 
^^oval of worn-out matter. (See Physiology, p. 137.) 
"^^ong the many cruel punishments inflicted in China, 
^^privation of salt is said to be one, causing at first a 
^Ost indescribable longing and anxiety, and finally a 
t^^inful death. As salt is so universally necessary, it is 
^^tind everywhere. Our Father in fitting up a home for 
^s, did not forget to provide for all our wants. The quan- 
tity of salt in the ocean is said to be equal to five times 
^he mass of the Alps. Salt lakes are scattered here and 
there; saline springs abound; and besides these, in the 
Garth are stored great mines, probably produced by the 
evaporation of salt lakes in some ancient period of the 
earth's history. Near Cracow, Poland, is a bed ^ve hun- 
dred miles long, twenty miles wide, and a quarter of a 
mile thick. In Spain, and lately in Idaho, it has been 
quarried out in perfect cubes, transparent as glass, so that 
a person can read through a large block. 

Preparation. — On the sea-shore it is manufactured by 
the evaporation of sea-water, each gallon containing 
about four ounces.* At Svracusc, Xew York, near bv 

* Salt Is solnble in less than three timen its weight of n^O. It is scarcely more 
tolnble In hot than cold H^O, and a mturated solution (one containing all it 
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aad oadenwath Uic Onondaga I^he, is apparently s 
great loan of nit-water, sepuxted fram the fresh-wai«T 
aboTe hj an impervioos bed of clay. XTpon boring 
throogfa this, the saline vater is pmnped np in imjaenn 
quantities. The HjO is evaporated by heating in ]u;ge 
iron kettles over a tire, or in ahallov, wooden rats bj 
espo«nre to the sun — whence the name "eolar a^L* 
If boiled down rapidly, fine table-ealt ia made ; if mot* 
slowly, coarse salt, as largo crystals hare time to fom 
Frequently they aafumc a "hopper shape," one cube 




appearing, then others collecting at its edges, and g 
ally settling, until a hollow pyramid of salt-cubes, with 
its apex downward, is formed. 

Uses.— NaCI ia used largely as a ferfihzer, for preserv. 
ing moats anri fish, anil for preparing CI, HCl, and tlie 
vaoaus compounds of Na. 

will .llnwitrn) Iw. ahoul Sfl piT cnt So-Kll 
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Sodium Sulphate (Na2S04, IOH2O), Glauber's Salt, 
^**^ed from its discoverer, is made in great quantities 
^^ NaCl, as the first stage in the manufacture of sodium 
^bonate. It is remarkably efflorescent, the salt, by 
^^pOBure to the air, losing its ten molecules of HgO.* It 
*^ a bitter,saline taste and is used in medicine. 

Sodium Carbonate (Na2C03, IOH2O), Bal-soda, is 
^^^Be<i extensively in the arts. It is, therefore, of great 
^^portance to all consumers of soap, glass, etc., that it 
^oxild be manufactured as cheaply as possible. Le- 
^*^lic*s process of making it from NaCl is now gen- 
^^^lly adopted. The operation comprises twe stages: 
^Ixanging, 1. NaCl into Na2S04; and, 2. Na2S04 into 
■^ ^2C03. 

1. A mixture of NaCl and H2SO4 is heated. Na2S04 
^ formed with a copious evolution of HCl. The fumes 
^t this gas are conducted into the bottom of a vertical 
^ne filled with pieces of coke wet with constantly falling 

H2O. The gas is here absorbed and a weak muriatic acid 
tormed in great quantities.! 

2. The Na2S04 is heated with chalk (CaCOa) and char- 
coal. The C deoxidizes the N 32804, changing it into NajS. 
The metals of the Na2S and the CaCOa change places, 



* Bjdpnim&nJt : Make a saturated eolation of Bodinm sulphate, and with it fill 
a bottle. Either put in the glass stopple or cover the top with a thin layer of oil, 
and let the bottle stand. The salt will remain for months without crystallizing; 
bnt if it be taken np, and shaken ever bo little, the whole mass will instantly 
form Into crystals, so filling the bottle that not a drop of water will escape, even 
If it be inverted. Should there be any hesitation in crystallizing at the moment, 
drop into the bottle a minute crystal of the salt, and the effect wiU instantly be 
aeen in the darting of new crystals in every direction. 

t This acid was formerly allowed to escape, cansing the destmction of all 
vegetation in the neighborhood. It is now, however, absorbed so perfectly that 
fbe gases which escape from the top of the chimney will not render turbid a 
sdntion of sibrer nitrate (see page 166), showing tliat there is not a trace of the 
•ddleft. 
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forming Na2C03 and CaS. Out of this mass^ called fronna 
its color "black-ash/' the NagCOa is dissolved,* and theiEza 
crystallized, making the " soda* ash *' of commerce. 

Mydrogen Sodium Carbonate (HNaCOa),! "^1-"^ 
carbonate of Soda^^ is the "soda" of the cook-room. -• 
It is prepared by the action of CO 2 on sodium carbonates 
The CO 2 may be easily liberated by the action of an aci( 
(See p. 234.) 



AMMONIUM. 

Symbol, H4N Molecular Weight, 18. 

This is a compound which has never been separated, but' 
it is generally thought to be the base of the salts formeci: 
by the action of the acids upon the alkali ammonia, whictrr 
in form, color, and lustre closely resemble the corres — 
ponding salts of K. The analogy between its action an^S 
that of the simple metals is so very striking J that it i^ 
considered a compound metal, .acting the part of a simpl 
one, as Cy does that of a compound halogen (see p. 84). 



* The insolnhle residaam of CaS, and the anperflnons coal, form around the 
alkali works a mountain of waete. Attempts have been made to extract the S« 
and at the Paris exposition large blocks thus obtained were exhibited ; but the 
operation has failed of commercial success. 

t The rational formula (see note, page 127) is NaaO.HaO.SCOi, whence the 
name bicarbonate of soda. 

X When H,N is dissolved in HgO, forming H,N.H,0, the componnd may be 
represented as (H«N) HO. Comparing this with the formula for caustic potash, 
KHO, we see that the group of elements H4N corresponds to the K. Thus we 
may call a solution of H,N, ammonium hydrate, an one of potash is a potassium 
hydrate. Both act as powerful bases, neutralize the adds and form soaps. 

S The following experiment is thought by some to be an additional proof of 
the metallic nature of this componnd substance. Heat moderately in a test-tube 
half a fluid-dram of Hg with a piece of Na the eim of a pea. The two metals 
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Compounds — Ammonium Chtoride, H4NCI,* Sal- 

^^^noniac, is prepared from the ammoniacal liquor of 

^^ gas-works. (See p. 83.) Its tough fibrous crystals 

^^©al no trace of the pungent ammonia, yet it can easily 

^ Set free, as we have already seen (p. 48). Sal-ammo- 

^^^3<5 is soluble in H2O. It is used in medicine, in the 

^^^paration of H3N and its salts, in dyeing, and also in 
^l^ering, as it dissolves the coating of the oxide of the 

^^^tal and preserves the surfaces clear for the action of 

*^^ solder. 

Ammonium. Carbonate ^ SaUvolaiile, Smelling Salts, 

^ prepared by the action of chalk upon sal-ammoniac, f 

^ is largely used by bakers in raising cake. (See p. 235.) 

Ammonium JVttrate (H3N,HN03=H4N,N03) may 

^^ readily formed by cautiously adding dilute HNO3 

^<:i aqua ammonia until the liquid becomes neutral, and 

^Tien evaporating. Long, needle-shaped crystals will 

t^nn. Thus two fiery liquids combine to produce a solid 

liaving no resemblance to either of them. By heat this 

^alt may be converted into HgO and NgO. (See p. 4G.) 

win combine, forming a paety amalgam. When cold, ponr over it a Bolution of 
sal-ammoniac. The amalgam will immediately swell up to eight or ten times 
its original bulk, retaining^ fumever^ its metallic lustre. The anmioniam cannot 
be separated from the amalgam, since, on heating, it decomposes, and on being 
thrown into water, H is set free and H3N formed. 

* Its rational formula is H,N.HC1, whence it is often called hydrochlorate of 
ammonia. 

f It is a sesquicarbonate, but by the constant loss of 11 3N through evapora- 
tion, it becomes crusted with a spongy cq^t of the '^bicarbonate," hydrogen 
ammonium carbonate (H«N), HCOs. 
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METALS OF THE ALKALINE EARTHS. 

Ca, Ba, and Sr. 



CALCIUM. 

Symbol, Ca. . . . Atomic Weight, 40 ... . Specific Gravitj, 1.57. 

Ca exiBts abandantly in limeBtone, gypsam, and in the 

bones of the body.* It commonly occurs, in nature, as 

a sulphate or a carbonate ; and, in commerce, as an oxide. 

C<im<p<iunA».^ Calcium Oande (CaO), Cauatic or 

Quicklime, is obtained by 

heating limestone {CaCOg) 

in large kilns. The CO^ is 

driven off by the heat, and 

the CaO is left as a whit« 

solid. 

Fig. 55 shows a form of 
lime-kiln in which the pro- 
cess is Gontinnous. At a, 
b, c, d, are the doors for the 
fuel, ash-pit, etc. The lime- 
kiln is fed at the top from 
time to time, while the lime 
is taken out at / as fast aa 
formed. 
Properties. — CaO is a strong alkali, and corrodes the 
flesh. Iffl test is COj, producing a milky precipitate of 
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^^Oj. It has such an affinity for HgO, that fifty-six 

P^^iiids of lime will absorb eighteen pounds of HgO, 

^ortiding CaO,H20, or "slacked lime," and expanding 

^ ^^veral times its original size, with the evolution of 

^^Oh heat. CaO absorbs HgO from the air, and then 

^ ^, thus gradually becoming " air-slacked lime." It is 

^^•>ingly soluble in water. A thin film of calcium car- 

^^^ate will soon gather over a solution of lime exposed 

the air. Water-lime contains a little clay and will 

^•>den under water. 

Uses. — Whitewash is a "milk of lime," i, «., lime dif- 

^^Bed through water. Concrete is a cement of coarse 

^>^avel and water-lime. It is of great durability. Hard 

Tiish is a kind of plaster in which gypsum is used to 

:e the wall smooth and hard. Calcimine is a variety 

^^i whitewash made of whiting or plaster of Paris. Jfor- 

^ar is a mixture of lime and sand wet with HgO. It 

hardens rapidly, by absorbing CO 2 from the air to form 

a carbonate, and partly, perhaps, by uniting with the 

SiOa of the sand to form a silicate.* 

lime is valuable as a fertilizer. It acts by rapidly de- 
composing all vegetable matter, and thus forming H3N 
for the use of plants.! It also sets free the alkalies 

♦ ** If common mortar be protected from the air, it will remain without harden- 
ing for many years. It ie etated that lime still in the condition of a hydrate has 
been found in the Pyramids of Ejrypt. When the ruins of the old castle of 
Landsberg were removed, a lime-pit, that must have been in existence three 
hundred years, was found in one of the vaults. The surface was carbonated to 
the depth of a few inches, but the lime below this was fresh as if just slacked, 
and was used in laying the foundations of the new building.''— ^T/i^can Cydo- 
pettta. 

t If applied to a compost heap, it will set free H.,N, thus robbing it of its 
most vidoable constituent. This can be saved by sprinlcling the pile with dilute 
H,80«, or plaster, or by mixing it with dry muclc, which will absorb the gas. 
If tliere is any copperas (produced by the oxidation of iron pyrites) in the soil, 
the Ume will decompose it, forming gypsum and iron-rust, thus changing a 
nozioiui ingredient into an element of fertility. 



ISS llfOBOANlC CHEMISTBT. 

that are combined in the ^i1, and furoiBhes them to the 
plants, becoming itself a carbonate. lime is also nsed 
extensively in the preparation of bleaching powder, in 
refining sugar, in making candles, in tanning, and in the 
manufacture of coal-gas. 




TciUi ilalactltea and BlalasrnUes. 



Calcium Carbonate, CaCOg, includes limestone, 
chalk, marble, and marl, and forms the principal part of 
corala, shells, etc H2O charged with CO2 diasolTCS 
CaCOa freely, which, when the gas escapes on exposore 
to the air, is deposited. In limestone regions, the vater 
trickling down into caverns has formed " stalactitee," 
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^*^cli depend from the ceiling, and "stalagmites," that 

^ from the floor. These frequently assume curious 

^^^ grotesque forms, as in the Mammoth Cave. Around 

^^y springs, the water, charged with CaCOg in solution, 

V^^s over moss or some vegetable substance, upon which 

^^ stone is deposited. The spongy rock thus formed is 

.^led calcareous tufe, or " petrified moss." (See Geology, 

P* 49.) Marble is crystallized limestone. Clialk or marl 

^ ^ porous kind of limestone, formed from beds of shells, 

^t not compressed as in common limestone. Whiting is 

S^ound chalk. 

Calcium Sulphate (CaS04,2H20), Gypsum, Plas- 
^^T, etc* — This occurs as beautiful fibrous crystals in satin 
^t>ar, as transparent plates in selenite, and as a snowy- 
^hite solid in alabaster. It is soft, and can be cut into 
^ngs, vases, etc. When heated it loses its water of crys- 
tallization, and is ground into powder, called " Plaster of 
Paris," from its abundance near that city. Made into a 
paste with H 2O, it first swells up, and then immediately 
hardens into a solid mass. This property fits it for use 
in copyiTig medals and statues, forming moulds, fastening 
metal tops on glass lamps, etc. Plaster (unburned or 
hydrated gypsum) is used as a fertilizer. f Its action is 
probably somewhat like that of lime, and in addition it 
gathers up ammonia and holds it for the plant. 



♦ The rational formula Ib CaO.SO., ; hence it is commonly called " Bulphate of 
lime." Comparing the formula IlaSO* and CaS0«, we see that one atom of Ca 
can replace two atoms of H ; it is therefore one of a class of elements called 
dycuJU (duo^ two). An atom of K, as we have seen, can displace only one atom 
of H : it belongs to the monads (monos, alone). 

t It is Baid that Franklin brought CaS0« into use by sowing it over a field of 
grain on the hill-side, so as to form, in gigantic letters, the sentence, " Effects of 
gypsum." The rapid growth produced soon brought out the words in bold 
relief^ and decided the destiny of gypsum among farmers. 
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Catcium Suiphtte^ CaSOa, should be distinguished 
from the sulphate. It is much used in preserving cider, 
being sold as " sulphite of lime/* 

Catcium !Phasphate^ " Phosphate of Lime,^^ is fre- 
quently termed boiie phosphate^ as it is a constituent of 
bones. (See p. 120.) It is found in New Jersey, South 
Carolina,* and Canada. It is the valuable part of certain 
guanos. Fertilizers are prepared by treating ground 
bones with HgSO^, forming the so-called superphosphate 
of lime-t This is a mixture of gypsum and hydrogen 
calcium phosphate. The latter furnishes phosphorus to 
the growing plant to store in its seeds. — Example : com, 
wheat 



STRONTIUM AND BARIUM. 

These metals are very like Ca. The salts of Ba give & 
green tint to a flame and those of Sr a beautiful crimson ; 
and are hence much used in pyrotechiiy.*' Banum^Aii^ 
phate, commonly called barytes, is found as a white min- 
eral, noted for its weight, whence it is often termed heavy 
spar. Indeed, the term barium is derived from a Greek 
word meaning heavy. This mineral is largely used for 
adulterating white-lead. BaCl2 is a test for H 2SO4. (See 
p. 117.) 

* Along the coast of South Carolina are millionB of tons of rocks holding this 
important element of plant-food. The phosphatic beds extend over an area of 
several hundred square miles, and in some cases they are twelve feet thick. It 
is estimated that fh)m 500 to 1000 tons underlie each Vkcre.— Fireside Science. 

t Ca,2P0« (tricalcium phosphate) + 2H9SO«=H«Ca2PO« (acid phosphate or 
superphosphate) + 2CaS04 (calcium sulphate). As the gypsum is only slightly 
soluble in water, the superphosphate maybe removed from the mass by filtering, 
and used as a fertilizer, or be heated with charcoal to form phosphorus. In that 
case it is reconverted into tricalcium phosphate while a part of the phosphoric 
acid breaks up thus : ffl.PO* +16C=P4 +6H, +16CO. 
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MAGNESIUM.* 

symbol, Mg Atomic Weight, 24.3 Specific Gravity, 1.7. 

Source. — Mg is found in augite, hornblende, meer- 

lanm, soap-stone, talc, serpentine, dolomite, and other 

Its salts give the bitter taste to sea-water. When 

_3, it has a silvery lustre and appearance. It is very 

^^%[ht and flexible. A thin ribbon of the metal will take 

^^^^re from an ignited match, when it will burn with a 

*^^liUiant white -Ught, casting dense shadows through an 

^^>rdinary flame, and depositing flakes of MgO. This light 

possesses the actinic or chemical principle so perfectly, 

^liat it is used for taking photographs at night, views of 

Cioal mines, interiors of dark churches, etc. It has every 

iray of the spectrum, and so does not, like gas-light, 

change some of the colors of an object upon which it 

fidls. Magnesium lanterns are much used for purposes 

of illumination. By means of clockwork, the metal, in 

the form of a narrow ribbon, is fed in front of a concave 

mirror, at the focus of which it burns. It is hoped that 

the process of manufacture f niay be cheapened, so that 

Mg may be brought within the scope of the arts. 

Compounds. — Magnesium Carbo?iale. MgCOa,! 

* Mg is dassifled with Zn, Cd, and In, since while the metals of the Alkaline 
Earths decompose H,0 with avidity and set H free, these foar act only upon 
steam at a red heat, being without effect upon H.,0 at ordinary temperatures. 
Mg is treated here for convenience, while Zn is described among the useful metals. 
Cd and In are of no practical value. The oxide of Mg has a slight alkaline reac- 
tion, and Mg was formerly considered one of the Metals of the Alkaline Earths. 

t Mg is now prepared by heating MgCl, with metallic Na. 

X The magnesia of commerce is made by mixing hot solutions of magnesium 
■nlpliate and sodium carbonate. It contains a varying pi*oportion of magnesium 
hydimto. Dolomite, a rock composed of magnesium carbonate and calcium car- 
% hydraulic cement that ** sets " under water (Qeol., p. 61). 
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is the "magnesia alba** or common magnesia of the drug- 
gist. Magnesium sulphate (MgS04,7H20) is known as 
Epsom salt, from a celebrated spring in England in 
which it abounds. 



ATOMIC EQUIVALENCE.* 

27ie Quanltra2e?ice of an JEtement is its power 
of combining with H. Thus, if we Examine the com- 
pounds HCl, HgO, H3N and H4C, we find the molecule 
of each has respectively 1, 2, 3, 4 atoms of H ; and we 
conclude that the elements CI, 0, N and C have differ- 
ent powers of combination whereby they can unite with a 
different number of H atoms. The same principle holds 
throughout all the elements. They are therefore divided 
into classes according to their power of combining with H, 
and are termed respectively, monatomic, diatomic, triatomic, 
&c., or monads, dyads, triads, &c. (Note, p. 139.) Each atom 
is supposed to have a certain number of bonds or more prob- 
ably poles, like those of a magnet, by which it holds or be- 
comes united to other atoms. H, Na, CI have but one bond 
or pole and can therefore, like all monads, form only pairs. 
has two poles and can combine with H2, an atom of H at 
each pole, or with K2 or HCl, or with an atom of some other 
dyad, as Zn. (Table, p. 288.) C has four poles and can unite 
with H4 or CI4, or O25 or CI2O or H2O ; L e. with four atoms 
of a monad, two of a dyad, or one of a dyad and two of a 
monad. The quantivalence of an element is commonly 
represented thus, CP, 0". 

* For a full explanation of this enbject Fee Hoffman's Modem Chemistry, Wiirti*8 
Introduction to Chemistry, or that delightful work Cooke's New Ohemistiy. 
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METALS OF THE EARTHS. 

Al, 6, E, Y, Ce, La, D. 



ALUMINUM. 

^^Vmbol, Al. . . .Atomic Weight, 27.5 .... Specific Gravity, 2.6. 

ource. — ^Al is named from alum, in which it occurs. 

It "* 

^ also called the "clay metal." It is the metallic base 

^^ ^lay, mica, slate, and feldspar rocks. Next to and 

^> it is probably the most abundant element of the earth's 

^^^'Xist. It is a bright, silver-white metal ; does not oxidize 

^^ the air, nor tarnish by HgS. It gives a clear musical 

^^g ; is only one-fourth as heavy as kg ; is ductile, mal- 

^^ble, and tenacious. It readily dissolves in HCl, and in 

Solutions of the alkalies, but with difficulty in HNO3 and 

H2SO4. On account of its abundance (every clay-bank 

is a mine of it) and useful properties, it must ultimately 

Come into common use in the arts and domestic life. 

Compounds. — A2ummum Oxide (AI2O3). — Alumina. 
crystallized in nature, forms valuable Oriental gems. 
They are variously colored by the oxides ; — blue, in the 
sapphire; green, in the emerald; yellow, in the topaz; 
red, in the ruby. Massive, impure alumina combined with 
magnetic iron, is called emery, and used for polishing. 

Aluminum Silicate (Al203,2Si02)j Silicate of 
Alumina, Common Clay, — When the clay rocks decay, 
by the resistless and constant action of the air, rain, 
and frost, they crumble into soil. This contains clay, 
8iliea>y and other impurities, such as lime, magnesia. 
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oxide of iron, etc. The clay gives firmness to the soil, 
and retains moisture, bat is cold and tardy in producing 
vegetable growth. When free from Fe, it is used for 
making tobacco-pipes. When colored by ferric oxide, it 
IB known as ochre, and is employed in painting. Com- 
mon stone and red earthen-ware are made from coarse 
varieties of clay ; porcelain and china-ware require the 
purest material. Fire-bricks and crucibles are made from 
a clay which contains much SiO^. Fullers' earth is a very 
porous kind, and by capillary attraction absorbs grease 
and oil from cloth 

Glazing. — When any article of earthen- ware has 
been moulded from clay, it is baked. As the ware is 
porous, and will not hold HjO, 
__ , ^ a mixture of the coarse materials 

from which glass is made is then 
spread over the vessel, and heated 
till it melts and forms a glazing 
upon the clay Ordinary stone- 
ware 18 glazed by simply throw- 
ing damp NaCI into the fur- 
nace. This volatilizes, and being 
decomposed by the hot clay makes 
a sodium sihcate over the surface, 
while fumes of HCt escape Pb is 
sometimes used to give a yellowish 
glaze, which Ib very mjnrions, ae 
it will dissolve in vinegar, and form sugar of lead, a 
deadly poison. The color of pott«ry-ware and brick is 
due to the oxide of iron present in the clay. Some rarie- 
ties have no iron, and so form white ware and brick. 
A.tum is made by treating clay with H3SO4, forming 
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an aluminum sulphate. On adding potassium eulphtite 
a double salt ia produced, which aeparates in beautiful 
octahedral crystals (A!aK24S04 + 24HjO). Instead of K 
aa ammonium salt* is now generallj added, and an am- 
monium alum made, which takes the place of the former 
in the market-f Alam is much used in dyeing. It 
tmites with the coloring matter, and binds it to the fibres 
of the cloth. It is therefore called a mordant {mordeo, 
I bite). 



SPECTRUM ANALYSIS. 



f. Makt of the metala named as rare have been recently 
^ discovered by what is termed Spectrum Analysis. Wc 
I have already noticed that various metals imjiart a peculiar 
color to flame; thus Na gives a yellow tinge; copper, a 
green, etc. If now we look at these colored flames 
through a prism, we shall find, instead of the "spec- 
trum " we are famihar with, a dark space strangely onia- 
meuted with bright-dnt«d lines. Thus the spectrum of 
Na has one double, yellow line; J Ag, two green lines; 
Cs, a beautiful blue line. Each metal makes a distinc- 
tive spectrum, even when the flame is colored by several 
eubstancCB at once. Tbia method of analysis is so deli- 
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cate that T5Tj,Tjb.uuD of a grain of Na, or g,u^l,^7ju of L, 
can be detected in the flame of an alcohol lamp ;* while a 
substance exposed to the air for a moment even will give 
the Na lines from the dust it gathers. L has thus been 
found to exist in tea, tobacco, milk, and blood, although 
in such minute quantities as to have eluded detection by 
former methods of analysis. 

PRACTICAL QUESTIONS. 

1. In the experiment with N as SO 4 on page 133, an accurate ther- 
mometer will show that in making the solution, the temperature of 
the liquid will fall, and in its soUdification, wiU rise. Explain. 

2. If, in making the solution of Nag SO 4, we use the salt which 
has effloresced, and so become anhydrous, the temperature will 
rise instead of falling as before. Explain. 

3. Why is KNO3 used instead of NaNOa for making gunpowder? 

4. Why is a potassium salt preferable to a sodium one in glass- 
making? 

6. What is the glassy slag so plentiful about a furnace ? 

6. State the formulae of nitre, saleratus, carbonate and bicarbonate 
of soda, plaster, pearlash, saltpetre, plaster of Paris, gypsum, car- 
bonate and bicarbonate of potash, sal-soda, and soda. 

7. Explain how ammonium carbonate is formed in the process 
of making coal-gas. 

8. Upon what fact depends the formation of stalactites ? 

9. Why is HF kept in gutta-percha bottles ? 

10. Explain the use of borax in softening hard water ? 

11. How are petrifactions formed ? 

12. In what part of the body, and in what forms, is phosphorus 
found ? 

13. Why are matches poisonous ? What is the antidote ? (See 
Physiology, page 209.) 

14 Will the burning phosphorus ignite the wood of the match? 

* Por the more perfect examination of the spectra, a " spectroscope " is used. 
This consists of a tube with a narrow slit at one end, which lets only a single 
raj of colored light fall npon the prism within, and at the other a smaD tele- 
flcopet through which one can look in upon the prism and examine the spectram 
of any flame. (See Astronomy^ page 285.) 
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^^Tiat philosophical principle is illustrated in the ignition of 
"• ^^^ b7 friction ? 
„., * -Bow much HgO would be required to dissolve a pound of 

. * ^^Hiat causes the bad odor after the discharge of a gun ? 

.. * ^^rite in parallel columns (see Question 54, page 96) the prop*. 

^ ® ^^f common and of red phosphorus. 

fv^* ^A^hat causes the difference between fine and coarse salt ? 



seen 
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A^hy do the figures in a glass paper-weight look larger when 

om the top than from the bottom ? 
AVhat is the difference between water-slacked and air-slacked 

M ^« Why do oyster-shells on the grate of a coal-stove prevent the 
^J^^^tion of clinkers ? 

^^. How is lime-water made from oyster-shells ? 
'^^. Why do newly-plastered walls remain damp so long ? 
*»S. Will lime lose its beneficial effect upon a soil after frequent 
^plications ? 

^6. What causes plaster of Paris to harden again after being 
^^oistened? 

27. What is the difference between sulphate and sulphite of 
^ime? 

28. What two classes of rays are contained in the magnesium 
light? 

29. What rare metals would become useful in the arts, if the 
process of manufacture were cheapened ? 

30. What is the rational formula for calcium carbonate ? Calcium 
sulphite? Calcium sulphate? 

31. Why is lime placed in the bottom of a leach-tub ? 

32. Is saleratus a salt of K or of Na? 

33. Why will Na burst into a blaze when thrown on hot water? 

34. Why are certain kinds of brick white ? 

35. Illustrate the force of chemical affinity. 
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THE USEFUL METALS. 



IRON. 

Symbol, Fe. . . .Atomic Weight, 56. . . .Specific Gravity, 7.8. 

Iron is the symbol of civilization. Its value in the 
arts can be measured only by the progress of the present 
age. In its adaptations and employments it has kept 
pace with scientific discoveries and improvements, so that 
the uses of iron may readily indicate the advancement of 
a nation. It is worth more to the world than all the 
other metals combined. We could dispense with gold 
and silver — they largely minister to luxury and refine- 
ment, but iron represents solely the results of honest 
labor. Its use is universal,* and it is fitted alike for mas- 
sive iron cables, and for screws so tiny that they can be 
seen only by the microscope, appearing to the naked eye 
like grains of black sand. 

Its abundance everywhere indicates how indispensable 
the Creator deemed it to the education and development 



• " Iron vessels cross the ocean, 
Iron engines give them motion, 
Iron needles northward veering, 
Iron tillers vessels steering. 
Iron pipe our gas delivers, 
Iron bridges span onr rivers. 
Iron pens are used for writing, 
Iron ink our thoughts inditing, 
Iron stoves for cooking victuals, 
Iron ovens, pots, and kettles. 
Iron horses draw our loads, 
Iron rails compose oar roads, 



Iron anchors hold in Bands, 

Iron bolts and rods and hands. 

Iron houses, iron walls, 

Iron cannon, iron balls, 

Iron axes, knives, and chains. 

Iron augers, saws, and planes. 

Iron globules in onr blood. 

Iron particles in food. 

Iron lightning-rods on spires, 

Iron telegraphic wires. 

Iron hammers, nails, and screws, 

Iron everything we um.** 



IRON. H9 

of man. There is no " California " of iron. Each nation 
has its own supply. No other material is so enhanced in 
value by labor. 

lb. good iron is worth, say $ .04 

" bar steel .17 

" inch-screws 1.00 

** steel wire 3 to 7.00 

** sewing-needles 14.00 

" fish-hooks 20 to 50.00 

" jewel-screws for watches 3,500.00 

hair-springs for American watches. . . 16,000.00* 



€€ 



Source. — Fe is rarely found native, i, e,, in the metallic 
condition. Meteors, however, containing as high as 93 
per cent, of Fe ' associated with Ni and other metals, 
have fallen to the earth from space. Fe in combina- 
tion with various other substances is widely diffused. It 
is found in the ashes of plants and the blood f of animals. 
Many minerals contain it in considerable quantities. 
The ores from which it is extracted are generally oxides 
or carbonates. 

Preparation. — SmeUing of Iron Ores. — Fe is 
locked up with in an apparently useless stone. C is 
the key that is ready made and left for our use by the 
Creator. The process adopted at the mines is very sim- 
ple. A tall blast-furnace is constructed of stone and 
lined with fire-brick. At the top is the door, and at the 
bottom are pipes for forcing in hot air, sometimes twelve 



♦ One ilbnnd (Troy) of fine gold is worth in Ptandard coin $348,062. All the 
aboye statements are based on carefUl and actual valuation. 

t There are only abont 100 grains of Fe in the blood of a ftill-grown person 
about enough to make a ten-penny nail— yet it gives energy and life to the sys- 
tem. The metal is often administered as a tonic in the form of a fine powder, or 
a citrate of iron, and is a powerfhl remedy. 
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thoasand cubic feet per minute, by means of pistons 
drivon by Bteam-power. The furnace, being filled with 




limestone, coal and iron ore, in alternate layers, tbe fire 
is ignited. The C * unites with the of the ore, and 

• A Unle N BomeUmeB nnltoB with lome C and K, forming potapBliun cyanide, 
or wltli Tl. U say le preeent, making beanUfUl copper-colored cTj*Uia ot tits. 
Dlam cyuilde. 




goes off aa COa- The CaCOa forma with the SiOa and 

other impurities a richly-col- _ 

ored glae^y alag, which riaes 

to the U)i». The melted Fo 

runs to the bottom, and is 

drawn off in channels cut in 

the sand on the floor of the 

fumuce. The large main one 

is called the snie ; the smaller 

lat«r!il ones are termed the 

pigs — henct? the name pig-iron. 

Varietiea of Fe. — The nBusl 
forms are aist, wraught, and 
tieel, depending njion the pro- 
portion of C'which they con- 
tain. Cofit-iron hug from :S to . 
5 per cent., steel from 1 to 2 
per cent, and wrought-iron, about \ per cent. 

1. Casi Fe is the form which comes from the fur- 
nace. It is brittle, cannot be welded, and is neither 
malleable nor ductile. It is an exception to the law that 
"cold contract*," since at the instant of solidi^cation it 
expands, eo as to copy exactly every line of the mould into 
which it is poured. This fits it perfectly for castings. 
These may be made bo soft as to be easily turned and 
filed, or 80 hard, by cooling in iron moulds,* that no 
tool will affect them. 

'I. Wrouffht or Malleabie Fe is made by burning 
the C from cast-iron, in a current of highly-heated air, in 
what is called a reverberatory furnace. The Fe is stirred 

ad Ihe Iron la Unued cbltlod Iron. It t) 



StcOan <ga mtut-Fyimxt. 



L 




xic cBsittsTB r. 

I eipu aed to tbe heated air bj meaus ol 
long " puddling-stickfi," h 
"* the; are termed. It is takm 

OQt while white-hot isd 
beaten under a trip-hamma 
to force ont the slag; and 
last It, pressed between groov- 
ed roUere to bring the parti- 
cles of Fe nearer eu<'h other 
and give it a fibrous stntct- 
nre,' It ie now majleablo 
•nd dnctite, and can be welded.f Fe is hardened by 
rating rapidly, and softened by cooling elowly. The 
blacksmith tempers his work by plunging the article in 
wid HjO. 

3. Steel rontaiiis lees C than cast, and more than 
WToaght, iron. It is therefore made from the former by 
bnming ont a part of the C, und from the latter by beat- 
ing in I>oses of charcoal, and so adding CJ The value 
of steel depends laigely upon its Irmpcr. This is deter- 
mined by heating the article and then allowing it to cooL 
The higher the temperature the softer the steel. The 
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worxmaoi decides tKis by watching the color of the oxide 
wmcn forms on the surface.* Sazors require a straw yel- 
low; ta^)ie-knives, a purple; springs and swords, a bright 
blue; ^^^ saws,a dark blue tinif 

^^^^emer^s Process is now extensively used for 
°^*^g steeL Several tons of the best pig-iron are 
^eltecl^ and poured into a large crucible hung on 
piTote so as to be easily tilted. Hot air driven in from 
'^^eath, bubbles up through the liquid mass, producing 
*^ intense combustion. The roar of the blast, the hot, 
^^te flakes of slag ever and anon whirled upward, the 
^^ flame streaming out at the top, variegated by tints 
. "*- different metals, and full of sparks of scintillating 
^^n, all show the play of tremendous chemical forces, 
^^e operation lasts about twenty minutes, when the Fe 
■^^ purified of its C and Si. Enough spiegel-eisen (look- 
^^-glass iron), an ore rich in C and Mn, is added to con- 
Vert it into steel, when it is poured out and cast into 
ingots.^ 

* The thin pelUdeB of iron>niBt on standing H3O prodnce a heantiftil irides- 
cent appearance in the same way, the color changing with the thickneBs of the 
oxide. Jnst so a soap-bnhhle exhibits a play of variegated colors according to 
the tfaickneee of the film in different parts. (See ** Interference of Light," 
PHyskv, p. 168.) 

t These colors are removed in the subsequent processes of grinding and 
polishing, but they may be seen in a handfhl of old watch-springs, to be obtained 
of any Jeweller. 

X In 1780, there lived at Attercliffe, near Sheffield, a watchmaker named 
Huntenum. He became dissatisfied with the watch-springs in use, and set him- 
self to the task of making them homogeneous. ** If/^ thought he, '* I can melt a 
piece of sleel and cast it into an ingot, its composition should be the same 
throughout^* He succeeded. His steel became famous, and Huntsman's ingots 
were in universal demand. He did not call them cast-steel. That was his 
secret The process was wrapped in mystery by every means. The most &ith< 
ftd men were hired. The work was divided, large wages paid, and stringent 
oatha taken. One midwinter night, as the tall chimneys of the Attercliffe steel- 
workB belched fbrth their smoke, a belated traveler knocked at the gate. It was 
bitter c(dd; the snow fell fost; and the wind howled across the moor. The 
■tranger, apparently a common flirm-laborer seeking shelter flrom the storm, 
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Compounds. — 1. Black or Magnetic Oxide (Fe304) is 
found in the loadstone, Swedish iron-ore, scales which fly 
off in forging iron, and in mines in various parts of the 
TJnited States. It is the richest of the ores and contains 
as high as 72 per cent, of the metaL 2. Red Oxide 
of Iron, sesquioxide (ferric oxide, Fe203), is seen in red 
iron-ore, in the beautiful radiated and fibrous speci- 
mens of hematite,* specular f iron, red ochre and chalk, 
bricks and pottery-ware. The sesquioxide, combining 
with H2O, forms — 3. Hydrated Sesquioxide of Iron (fer- 
ric hydrate, Fe203,3H20). This has a brown or yellow 
color, which changes to red by heat when the water is 
expelled, as in the b,uming of brick, pottery-ware,J etc. 
These oxides generally give the brown, yellow, or red 
tints seen in sand, gravel, etc. The ferric oxide and 
hydrate are remarkable for the facility with which they 
absorb from the air, and impart it to other bodies. 
This is familiar in the rusting of nails in clap-boards, 
hinges in gate-posts, hooks in ropes, etc, etc. 

Iron Carbonate y FeCOa, is found as spathic § and 



awakened no Baepicion. The foreman, scanning him closely, at last granted his 
request and let him in. Feigning to he worn-oat with cold and fittigae, the poor 
fellow sank npon the floor and was soon seemingly fost asleep. That, however, 
was &r fi*om his intention. Through cautionsly opened eyes, he canght glimpsetf 
of the mysterioas process. He saw workmen cat hars of steel into bits, place 
them in cmcibles, which were then thrast into the fhmaces. The flres were urged 
to their utmost Intensity until the steel melted. The workmen, clothed in rags, 
wet to protect them from the tremendous heat, drew forth the glowing crucibles 
and poured their contents into moulds. Huntsman^ s fiMStory had nothing more 
to disclose. The secret of cast-steel was stolen. 

♦ HcBmatUea^ blood-like, from the red color of its powder. 

t Speculum^ a mirror, from the brilliant lustre of its steel-gray crystals and 
mica-like scales in micaceous iron-ore. 

X Clay, containing ferrous oxide (FeO), becomes red by its conversion into 
ferric oxide. 

% Spath^ spar, as some specimens consist of transparent, shiny ctTBtaU, hAT* 
ing the same form as calcareous spar (caldum carbonate). 




tone, and often contains somo manganese,* 
which fits it for the manufacture of certain kinds of 
eteel, whence it is termed steel-ore. In chalybeate springB, 
the free COj in the water holds the FeCOa in solntion. 
Ou coming to the air, the COj escapes, and the Fe, ab- 
sorbing 0, is deposited as hydrated ferric oxide, forming 
the ochry deposit so common around such springs. 

Iron 'SisHlphide (FeSa). Iron Pyrites, Foots Gold 
— BO called, Itecause it is often mistaken by ignorant per- 
sons for Au. It occurs in cubical crystals and bright 
shiny scales. It can be easily tested by roasting on a hot 
shovel, when we shall catch the well-known odor of the 
SOa- FeSj is iisfd as a source of S, and also in the 
manufacture of HJSO4. 

I'erroHS Sulphate (FeS04.7H20), Qrten Vitriol, 
Copperas, is made by the action of H3S04 on Fe, and, at 
Stafford, Connecticut, from FeSj, by exposure to air and 
moisture. It is used in dyeing, making ink, and in pho- 
tography. 



bud. brlKle mctBl. rceombllng UMl-Imn In lis color and 
l«xRin. II \tket ■beiutinil poLLeb. It* btnoTldc.lhf blukniLde[>rinan)n>neiie, 
li dHd in lbs ninabclurE or 0, C], utc. B; tuAog UnO„ KCIO,, and KBO. • 
dark, fivflu maiiB f« obulned caUcd '^ckamtieon nirtfral.^* U cDutaltm polu- 
■iDin BUDgiDBU:. If a pieci' or tbli be ptaced Id n,0, Ibe BDladan wUI undergo 
a beantinit chiuiKe From gnxa. (hraa^b larloiiii rbade». to pnrpla. Tbli Ib 
owing lo Uio KntdBal Ifnoailon of p«nnanpnn1<: *c1d. The chuige may be pro- 
dnced iBFtaalaDMnel; by a drop of H,SO.. poiaaalnni pormanitaiute l> remark- 
able tat tbt fticiniy wlih wblrti It parla »ltb iu O. and thereby Id«s II* wlor. 
li it D«d eilcnalvely aa a dltlnfectant, and aa a tsat of Ibe preamce ot oigulr 
matter. (See page 60.) 
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Sig. at. 



Symbol, Zn Atomic Weight, 85 SpeoiBo Gravitj, 7.15. 

Fusing Point, 773° F, 

Source. — Zn, or " spelter," as it is called in commerce, 
ia found as ZnO, or red oxide, in lHew Jersey, and a.8 ZnS, 
OF zinc blende, in many places. 

Preparation. — ZnO is smelted on 
the same principle as iron ore, by 
heating with C. The reaction ia 
as follows: ZnO + C = Zn + CO. 
Both these products distil, the 
Zn vapor being condensed while 
the CO gas escapes. 

Properties. — Zn is ordinarily 
bntUe, but when heated to 200° 
or 300° F., it becomes malleable, 
and can be rolled out into the sheet 
Zn in common use. It bums in 
the air with a magnificent green 
light, forming flakes of ZnO, sometimes called " Philoso- 
pher's Wool."* When exposed to the air Zn soon oxi- 
dizes, and the thin film of white oxide formed over the 
surface protects it from further change. 

Uses. — Its economic uses are familiar. Sheet Fe 
dipped in melted Zn forms what is termed galvanized 
iron. Water-pipes made of this material are as unsafe 
as lead (see p. 160) until the Zn is entirely corroded. 

* Eaanplg; On t red-hal Isdte, sprinkle BOme powdered sallpctre and Zd 
allngs. Tbfl KNO, will fnnilBti 0, ftod tlie metil wUl bara wltb groat brU 




BoatOBti Zinc Ore 
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The oxi^e and carbonate of zinc are rapidly formed, and 

these Poisonous salts remain in the HgO. There is the 

^*°^® objection to metallic-lined ice-pitchers. Galvanic 

acuoa between the metals promotes corrosion. H2O 

standiixg in reservoirs lined with Zn should not be used 

lor driniang purposes. In the case of zinc-covered roofs 

^® ^'^in-water contains zinc oxide.* 

Cottipounds. — ^tnc Oxide, ZnO, is sold as zinc- 

^*^ite, and is valued as a paint, since it does not blacken 
y H^S like white-lead; but it is quite as hurtful to the 

Pointer. Zinc sulphate (ZnS04), '^hite vitriol, is used in 

°^^^cine. 



TIN. 

Symbol, Sn Atomic Weight, 118 Specific Gravity, 7.2. 

Fusing Point, 442° F. 

Source. — Sn, though one of the metals longest known 
to man, is found in but few-localities. It is reduced from 
its binoxide by the action of C. 

Properties. — It is soft and not very ductile, but is quite 
malleable, so that tinfoil is not more than j-^-q-^ of an inch 
in thickness. When quickly bent, it utters a shrill sound, 
called the " tin cry," caused by the crystals moving upon 
each other. Sn does not oxidize at ordinary temper- 
atures. Its tendency to crystallize is remarkable.f 

• When they were first introduced in Boston the wapherwomen complained 
that the rain-water was hard, decomposed the soap, and made their hands 
crack. 

t EsBompU : Heat a piece of Sn till the coating begins to melt ; then cool 
quickly in HaO and clean in dUnte aqha-regla. The surflEice will be found cov- 
ered with beantiftil crystals of the metal 

A 
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Uses. — Common sheet-tin is formed by dipping sheet- 
iron in melted Sn, which produces an artificial coating 
of the latter metal. If we leave HgO in a tin dish, the 
yellow spots soon betray the presence of Fe. Pins made 
of brass wire are boiled with granulated tin, cream of 
tartar, and HgO, which give a bright white surface to 
the metal* 



COPPER. 

Symbol, Cu Atomic Weight, 63.5 Specific Gravity, 8.9. 

Fusing Point, 1994° F 

Source. — Cu is found native near Lake Superior, fre- 
quently in masses of great size. In these mines stone 
hammers have been discovered, the tools of a people older 
than the Indians, who probably occupied this continent, 
and worked the mines. In the western mounds, also, 
copper instruments are found. The sulphide, copper 
pyrites, is a well-known ore. Malachite (CuC03,CuO, H gO), 
the green carbonate, admits of a high polish, and is made 
into ornaments of exquisite beauty. 

Properties. — Cu is ductile, malleable, and an excellent 
conductor of heat and electricity. Its yapor gives a char- 
acteristic and beautiful green color to flame. It is har- 
dened by hammering, and softened by heating and plung- 
ing into cold HjO.f HNO3 ^^ the solvent of Cu. Its test 

* The pins are etnck in papers, as we see them, by machinery which picks 
them ap out of a miscellaneons pile, counts them, and inserts them in the paper, 
ready for the market. The first part of the process is performed by a sort of 
coarse comb, which is tlu-ast into the heap, and gathers ap a pin in each of the 
spaces between the teeth. 

t The reverse of Fe, which flict rains any theory we might form as to the canse 
in either case. 



I HgN, forming in asolntion an azute-hlue precipitate, 
which dissolves in an excess of the reagent. 

CompoundB.— Copper Acefate, Verdigris," \s ^to- 
daccd when we soak pickles in brass or copper kettles 
the groeu color which results ia caused by this salt — a 
deadly poison. Preserved fniita, etc. shonid never stand 
in such vessels, as the vegetable acids dissolve Cu readily. 

Copper Oxide, CuO, is the black coating which 
collects OD copper or brass kettles, and is very poisonous. 
It dissolves readily in fats and oils. Such utensils should 
therefore be used only when perfectly bright, and never 
with fruits, sweetmeats, jellies, pickles, etc 

Copper Sulphate (CuS04,6HjO). Blue Vitriol, is 
much used in dyeing, calico printing, and galvanic bal> 
teriea. 



I 



LEAD 



Symbol, Pb Atomic Weight, 207.. . .Spscillc Gravity, 11.36. 

Fusing Point, G20" F. 

Source. — The most common ore of Pb is galena, PbS, 
which is reduced by roasting in a revcrberatory furnace. , 
The S bnma and leaves the metui. 

Properties. — Pb is malleable, but contracts as it solidi- | 
fit's; so it cannot be used for castings. It is poisonous, 
though not immediately, aa " bullets have been swallowed, 
and then thrown off without any harm except the fright." 
It« effects seem to accnmulate in the system, and finally 
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to manifest themselves in some disease. Persons whc 
work in lead, as painters and plumbers, after a time suffer 
with colics, paralysis, etc. 

Uses. — Pb is much used for water-pipes, and is the 
most convenient of any metal for that purpose. Pure 
H2O passing through the pipe will not corrode the Pb, 
but the of the air it contains forms an oxide of 
lead which dissolves in the HjO, leaving a fresh surface 
for oxidation. If there are any sulphates or carbonates 
in the HgO, they will form a coating over the Pb, and 
protect it from further corrosion ; and as carbonate of 
lime is common in hard water, that is generally safe. If, 
when we examine a lead pipe that is in constant use, we 
find it covered with a white film, it is a good sign; but if 
it is bright, there is cause for alarm. Still, however much 
may be said upon the danger, people will use lead pipes, 
and the following precautions should be observed : Ah 
ways let the water run lo7ig enough in tlie morning hefore 
using, to remove aU which ha>s remained in the water-pipes 
during the night j and when the H 2O is let on again after 
it has been shut off for a while, leave the faucet open 
until the pipe is thoroughly washed. 

The Test of Pb is HjS, forming lead sulphide, PbS 
The following is an interesting illustration: Thicken 
a solution of lead acetate with a little gum-arabic, so as 
not to flow too readily from the pen, and then make any 
sketch which your fancy may suggest. This, when dry, 
will be invisible. When it is to be used, dampen the 
paper slightly on the wrong side, and then direct 
against it a jet of H2S. The picture will at once blacken 
into distinctness. 

Compounds. — Ifead Oxide, PbO, the well-known 
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litharge, la formed by heating Pb in a, current of air.* 
It is used in glass-making, in painty and in glazing 
earthenware. 

Lead 3)ioxide, PbOj, is formed by oxidizing PbO. 
A mixture of the two, called minium or red-lead, is used 
for coloring sealing-vax red, and as a paint. 

Zead Carbonate, (PbCOg), W/ftie-Zwid.— Thia Bult 
is made in largo quantities in the following manner: 
Thousands of earthen pots fitted with oi 
and containing weak vinegar (acetic acid) 
and a small roll of Pb, are arranged in i 
mcnee piles, and then covered ivith tan-bark. 
The acetic acid combines with the Pb, but 
the CO2 formed by the decomposing tan- 
bark creeps in under tlio cover, driving off 
the acetic neid, and forming lead carbonate, a.— ab nariiim 
The acetic acid, thns dispossessed, attacks l-j mu^r "vxi. 
another jiortion of the Pb, but is robbwl ^'~'^^^^'^ 
again ; and so the process goes on. nntil at 
last the Pb is exhausted. Wliite-lead is largely adulter- 
ated with heavy spar, gypsum, etc. 

Z,ead Acetate, Sugar of Lead, has a 
^- "•■ sweet, pleasant taste, but is a virulent poison. 
Its antidote is Epaom salt, which forms an 
insoluble lead sulphate. HjO dissolves sugar 
of lead readily. If a piece of Zn, cut in small 
strips, be suspended in a bottle filled with a 
solution of lead acetate, the Pb will be depos- 
■ itod upon it by voltaic action in beautiful 
metallic spangles, forming the " lead-tree." 



fig. as. 

V 
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THENOBLE METALS. 

Au, Ag, Pt, Hg, Pd, Ir, Os, Ru, and Ro. 



GOLD. 

Symbol, Au.... Atomic Weight, 197 Specific Gravity, 19.34 

Fusing Point, about 2015° F. 

Sources. — Au is found sometimes in masses called nug- 
gets, but generally in scattered grains, or scales. As the 
rocks in which it occurs disintegrate by the action of the 
elements and form soil, the Au is gradually washed into 
the valleys below, and thence into the streams and rivers, 
where, owing to its specific gravity, it settles and collects 
in the mud and gravel of their beds.* 

Preparation. — As the metal is thus found native, the 
process is purely mechanical, and consists simply in wash- 
ing out the dirt and gravel in wash-pans, rockers, sluices, f 
etc., at the bottom of which the Au accumulates. In the 
quartz-mills, the rock is thrown into troughs of water, 
where, by heavy stamps, the ore is crushed to powder. 

* In CaUfomia, An is fonnd in the detritns (small particles of rock worn off by 
attrition) of granite and qnartz. It occurs in the gravel of hills fh)m the sorlkce 
to the ''bed-rock,'' sometimes a depth of 900 to 600 feet ; in the aUuvial soil of 
the plains, and even in vegetable loam among the roots of grass. 

t Sluices are generally nsed in California. These are gently inclined troughs, 
sometimes extending for miles. Across the bottom are festened low wooden 
bars, called riffles, above which quicksilver is placed. The dirt is shoveHed into 
these sluices, or the auriferous hills are cut down, dissolved, and washed through 
them by poworftil streams of water, which are constantly running. The H«0 
floats off the debris, while the Hg catches the gold. 
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. ^^:xe thin liquid mud thus formed splashes up on either 

*^^> it runs over broad, metallic tables covered with Hg; 

>^s washed through a fine wire-screen, and earned to 

^^ *^amalgamating-pans^' by a little stream of water. 

^e Hg unites with the particles of Au and forms with 

^^^tn an amalgam (a compound of mercury and a metal). 

^^ is easily separated from Hg by distillation,* and the 

^•tter collected to be used again. 

Quartation. — Au is commonly found alloyed with Ag. 

^J?he Ag is then dissolved out by HNO3. There must be 

'^t least three parts of Ag to one of Au, else the gold will 

J)rotect the silver from the action of the acid. If there 

is not so much, some is fused with the alloy, f 

Properties. — Pure Au is nearly as soft as Pb. It is ex- 
tremely malleable J and ductile. Its solvent is aqua-regia. 
It dpes not oxidize at any temperature, and, on account 
of its indestructibility, it was anciently called the king of 
the metals. 

♦ The larger part of the Hg is separated from the amalgam hy pressure in can- 
vas or buckskinr bags, the liquid Hg escaping through the pores, while the amal- 
gam is left quite dry. The latter is then " retorted " for distillation. 

t " In works for the refining of gold and silver, the processes can be conducted 
economically only when great care is taken to avoid the loss of any particles of 
the precious metals. Thus all the old crucibles are ground and treated with 
mercury, and after as much gold and silver as possible have been extracted, the 
residues are sold to the sweep-washers^ who extract a little more by melting with 
lead. The very dust off the floors is collected and treated in a similar way."— 
Bloxam. 

t For a description of the process of making gold-leaf, see Physics, page 20. 
" When one of these leaves is held up to the light, it exhibits a beautiful green 
color, and if it be rendered still thinner, either by beating, or by floating It upon 
a very weak solution of potassium cyanide, which slowly dissolves it, it trans- 
mits, when taken upon a glass plate and held up to the light, a blue, violet, or 
• red light, in proportion as its thickness diminishes. Even when it is so trans- 
parent that one may read through it, the yellow color and lustre of the gold are 
Btill visible by reflected light. These varying colors of finely-divided gold are 
tamed to account in the coloring of glass and in painting on porcelain.'* 
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SILVER. 

Sjmbol, Ag Atomic Weight, 108 Specific Gravity, tO.5, 

Fusing Point, 1873° F. 

Sources. — Silver is found throughout the West in a 
great variety of forms — most commonly, however, com- 
bined with S, as black sulphide, AgjS; with CI, forming 




horn-silver, AgCI ; with S and As or Sb, mtildng rwjy- 
s^ver, and alBo associated with Pb in ordinary galena. 
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^reparation. — 1st. The sulphide is refined as follows: 
>^ ore is crushed into fine powder and then roasted 
^^^'th common salt. The CI of the salt unites with the 
^-^^ forming silver chloride. This is next put into a 
'"^^olying cylinder with H2O, Hg, and iron scraps. The 
I" ^ removes the CI from the silver, when the Hg takes 
^^ up, thus forming an amalgam of Hg and Ag. Prom 
is the Ag is easily obtained, as in gold-washing.* 2d. 
'rom Tiomsilvery AgCl, the process is like the latter part 
that just described. 3d. From lead the Ag can be pro- 
^^itably obtained when there are only two or three ounces 
Xn a ton. The alloy of the two metals is melted and then 
slowly cooled. Pb solidifies much sooner than Ag, and 
\)y skimming out the crystals of Pb as fast as formed, 
it may be almost entirely separated. (See Fig. 65.) 

Cupettation . — A cupel {cupella, a ^^ ^^ 

small cup) is a shallow vessel, made of 
bone-ashes. In this the Ag, debased with 
Pb and other impurities, is exposed to a 
red heat, so as to melt the metals, while a ^ ^ . 

current of hot air plays upon the surface. 
The Pb oxidizes to PbO, and is absorbed by the porous 
cupeL The mass appears soiled and tarnished, but the 
refiner keeps his eye upon it as the process continues, 
watching eagerly, until at last there is a brilliant play of 
colors — ^he catches his own image in the perfect metallic 
mirror, and the little "button" of pure silver lies gleam- 

* The process of reducing eilver ores at the West is unlike the German method 
giren aboye, and yaries in different localities. One plan is as follows : The 
powdered and roasted Ag,S is placed with Hg in iron pans, five feet in diameter 
sod two feet deep. Here it is kept heated by steam to 180* and agitated by 
rerolying stirrers. The chloride is not roasted, but is simply powdered, and 
then worksd in the pans for an hour with NaCl before adding the Hg.—SrB- 
mraoir. 
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ing at the bottom.* This must now be imiuedlatel; 
removed, or it will oxidize and wa8te.f 




Oitpittln^irnaM, 

Properties. — Ag is the whitest of the metals. It is 
malleable and ductile. It expands at the moment of 
solidification, and, therefore, can be cast. It has a power- 



* See Halachl liL a 

t Dnritig tbe cooUng of the cake of Ag. some veiy rcmurkable phenomena aie 
obeerred. Wben ■ thin cmM al metal has formed DpOD the nirltMe, the Ag bo- 
neath It asBumee IheappeiuaEceotbDlliag, and thecmitU (torcvdnp Into boDow 
conea about so Inch high, throngfa which the melted Ag li Umnni out with ax- 
ploalTs vIoleQce, eome of It being splaehed agslnat the arch at tba ftmace. ud 
gome aolldltylng Into most IhntaeHc tre^-llke forms aeveial tnofaM In hH^ 
This beliador of Ag has been shown to be doe to lis propertr of meelMmlciillr 
abiorblngO, at a temperalnre aboTS itBmeltfiig-po1nt.«hld>ltglTaioffuIt ap- 
proacbes the point of salldlflcitloD. the eecaplng gu fiirdng np the cnut ofsolld 
kx formed npon the anrlhce. 
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*d attraction for S, forming silver sulphide.* Silver 
^Oons and door-knobs are tarnished by the minute quan- 
^ties of HgS present in the air.f The best solvent of Ag 
^s HNO3. The test of Ag in solution is HCl, which forms 
* cloudy precipitate of silver chloride. A solution of silver 
^oin is blue, from the Cu it contains. Standard silver is 
Whitened by being heated until the of the air has con- 
"^erted a little of the Cu on the outside into CuO, which is 
dissolved by immersing in dilute H2SO4 or H3N. The 
film of nearly pure Ag which then remains at the surface 
exhibits a want of lustre and is called dead or frosted sil- 
ver. It is brightened by burnishing. 

Compounds, — Silver JVitrate, AgNOa, is sold in 
small; round sticks as Ixiriar caustic^ used as a cautery. It 
stains the skin and all organic matter black, especially 
when exposed to the light, owing to the formation of 
silver oxide, Ag20.I Hair-dyes and indelible inks con- 
tain AgNOa- It is also the basis of photography (light- 
drawing) and daguerreotyping,§ which are both founded 



* The perBplration from onr bodies contains more or less S, and this, as it 
passes through our pockets, combines with any silver we may chance to have 
there. 

t Those who have visited snlphnr springs know the propriety of carefully pro- 
tecting their watches, and of never wearing gold ornaments to the hot baths. 
Ag,8 is very easily dissolved by a little dUuU ammonia (1 part of HN, to 20 of 
HaO), which is therefore used for cleaning silver door-knobs.— (7a;i(fi2;£C?«i/v«r, 
as it is erroneously called, is made by immersing articles of silver in a solution 
obtained by boiling solphnr with potash, when the metal becomes coated with a 
thin film of Bnlphnret of silver.— Bloxam. 

X A very pretty experiment, illustrating the formation of this oxide, is per- 
formed by dropping into a test-tube of HaO a few drops of silver nitrate in solu- 
tion, and then adding potash, when a copious precipitate of the brown hydrate of 
Ag.O win fin the tube. Now put in a little H,N, which will instantly dissolve 
the silver oxide, and leave the liquid as clear and sparkling as spring-water.— 
The stain of silver nitrate may be removed by a strong solution of potassium 
Iodide or the poisonous potassium cyanide. (See caution on p. 270.) 

I The daguerreotype is named from M. Dasnierre, the discoverer, who received 
a pensioB of 6,000 francs per year from the French govemnient. A plate of Cu, 
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upon essentially the same principles. The general out- 
lines of the photographic process are as follows: 1. 
Iodized collodion* is poured upon a clean glass plate^ 
which, on evaporation, it covers with a transparent film. 
2. The plate is put in the " nitrate of silver bath/' f where 
the salt of silver is absorbed by the collodion film and 
changed to brom-iodide of silver. The plate is now ready 
for the picture. After the sitting, the plate is taken, 
carefully protected from the light, to the operator's room. 
Here the picture is, 3, developed by a solution of ferrous 
sulphate (protosulphate of iron) or pyrogallic acid (see p. 
212) : at the right stage the liquid is washed off, and the 
operation checked. 4. It is Juced with a solution of so- 
dium hyposulphite, which dissolves the unaltered brom- 
iodide of silver. 5. It is washed, dried, and coated with 
amber varnish to preserve the film from accidental injury. 
The "negative^^ is now completed, and is a correct like- 

plated on one side with Ag, is exposed to the yapor of I and Br nntil a compoand 
of brom-iodide of silver is formed upon the snr&ce. This is extremely sensitiye 
to the light, hence the process is always conducted in a dark closet. The plate is 
then quick^ carried, carefhlly covered, to the camera, and placed in the focus, 
where the rays of light trom. the person whose ** picture is being taken *^ fldl 
directly upon it These rays decompose the brom-iodide of silver. The amount of 
this change is directly proportional to the number of rays that are reflected trom 
diflTerent parts of the person to form the image in the camera. A white garment 
reflects all the light that &lls upon it, so the corresponding part of the plate will 
be very much changed. A black garment reflects no Ught, so that part will not 
be changed at all. The dififerent colors and shades reflect varying proportions of 
light, and so influence the plate correspondingly. When the plate Is taken out 
of the camera, it is carefhlly covered again and carried quickly into the dark 
closet No change can be detected by the eye ; but on exposure to the vapor 
of Hg, wherever the Ag has been flreed, the Hg will combine with it, forming a 
whitish amalgam, but it has no efliect on the rest of the plate. The picture thus 
treated comes forth nearly perfect in its lights and shades. The undecomposed 
brom-iodide of silver is removed by a solution of sodium hyposulphite. A eolu- 
tion of gold chloride and sodium hyposulphite is then poured upon the plate and 
warmed. This golden varnish finishes the picture. 

* Iodized collodion is composed of gun-cotton dissolved in alcohol and ether, 
to which are added ammonium iodide and cadmium bromide, or similar salts. 

t The nitrate of silver bath contains nitrate of silver and iodide of silver in 
solution, and is acidulated with nifric acid. 
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ness, only the lights and shades are reversed. From this 
the pictures are, 1, " printed '^ by placing the negative 
upon a sheet of prepared paper,* and exposing it to the 
sun's rays. When the colors are sufficiently deepened, 
the picture is, 2, toned in the "toning-bath," which con- 
tains a little '^ bicarbonate of soda" and a minute quan- 
tity of gold chloride; ^y fixed, by sodium hyposulphite 
which dissolves the unaltered AgCl ; 4, thoroughly 
washed in water frequently renewed ; and, lastly, dried 
and mounted on card-board. The thoroughness of the 
third and fourth processes has much to do with the per- 
manence of the picture. If any of the chloride or the 
compound formed by the hyposulphite be left, it will 
cause fading or discoloration. 



PLATINUM. 



Symbolj Pt Atomic Weight, 197 Specific Gravity, 21.53. 

Fusing Point, about 4591° F. (?) 

Source. — Pt f is chiefly found in the Ural Mountains, 
where it occurs in alluvial deposits, usually in small, 
flattened grains.]; 

Preparation. — The "ore,'' as it is called, is separated 
from the earthy particles by washing. The grains of Pt re- 
main behind with particles of Au, Fe304, and an alloy of Os 
and Ir. § The Au is removed by amalgamation, and the Fe 

* This paper is ** sensitized ** by floating it on a solution of sodiom chloride^ 
and then on one of silver nitrate, thus filling the pores of the paper with the 
•UTer chloride, which is extremely sensitive to light. 

t The woT^plaUman signifies '*Uttle silver." 

X The largest nugget ever found weighed 18 lbs. 

I Ir it named from Iria, the rainbow, because of the beaatiftil color of its salts 
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by a magnet The Pt is then dissolved by melted Pb and 
afterward recovered from this alloy by cupellation. 

Properties. — Pt resembles Ag in its appearance. It is 
one of the most ductile metals, wire being made from it 
so fine as to be invisible to the naked eye, ♦ It is soluble 
in aqua-regia, but not in the simple acids. It does not 
oxidize in the air, is the most infusible of metals, and can 
be melted only by the heat of the compound blow-pipe 
or voltaic battery. In the arts it is fused in the former 
manner. These properties fit it for making crucibles that 
are invaluable to the chemist. 



MERCURY. 

Symbol, Hg Atomic Weight, 200 Specific Gravity, 13.5. 

Melting (Freezing) Point,- 39°F... Boiling Point, 662° F. 

Meecuey is also called quicksilver, because it runs 
about as if it were alive, and waa supposed by the alche- 
mists to contain silver. It was known very anciently, 
and the mines of Spain were worked by the Bomans. 

Source. — Cinnabar y HgS, a brilliant red ore, is the 
principal source of this metaLf When sublimed with S, 
Hg forms the pigment known as "vermilion." 

in Bolution. When combined with Os, it makes '* iridoemine/* used for the niba 
of gold pens. 

* Wollaston^s Method, as it is caUed, consists in covering fine platlnnm wire 
with several times its weight of Ag, and then drawing this through the plates 
used for drawing wire until the finest hole is reached, when the wire is placed 
in HNO„ which dissolves the Ag and leaves the Pt intact This, in the form of 
the finest wire known, may be found in the solution by means of a microscope. 
(See FhyAcs, p. 19.) 

t Hg is found native in Mexico in very small quantitiee, where the mines are 
said to have been discovered by a slave, who, in climbing a mountain, came to 
a very steep ascent To aid him In surmounting thla, he tried to draw himaalf 
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Preparation. — Hg is readily prepared by roasting HgS 
in the open air. The S passes ofF as SO29 while the Hg 
volatilizes and is condensed in earthen pipes. 

Properties. — Hg emits a vapor at all temperatures above 
40° F. Its solvent is H NO3. It forms an amalgam * with 
gold or silver. This is its most singular property. A 
gold leaf dropped upon mercury disappears like a snow- 
flake in water. Particles of kg or Au, too fine to be seen 
by the eye, will be found by Hg and gathered from a 
mass of ore. 

Uses. — Hg is extensively employed in the manufacture 
of thermometers and barometers ; for silvering mirrors; f 
and for extracting the precious metals from their ores. 

up by a bueh which grew in a crevice above. The shrub, however, giving way, 
waa torn up by the roots, and a tiny stream, of what seemed liquid silver, trick- 
led down upon him. 

♦ " Several years ago, while lecturing upon chemistry before a class of ladies, 
we had occasion to purify some quicksilver by forcing it through chamois skin. 
The scrap of leather remained upon the table after the lecture, and an old lady, 
thinking it would be very nice to wrap her gold spectacles in, accordingly appro- 
priated it to this purpose. The next morning she came to us in great alarm, 
fftating that the gold had mysteriously disappeared, and nothing was left in the 
parcel but the glasses. Sure enough, the metal remaining in the pores of the 
leather had amalgamated with the gold, and, entering, destroyed the spectacles. 
It waa a mystery, however, which we could never explain to her satisfaction.'^— 
J. K. Nichols in Fireside Science. 

t Mirrors were anciently made of steel or silver, highly polished. They were 
very liable to rust and tarnish, and so a piece of sponge, sprinkled with pum- 
ice-stone, was suspended fh>m the handle for rubbing the mirror before use. 
Seneca, in lamenting over the extravagance of his time among the old Romans, 
■ays : " Every young woman now-a-days must have a silver mirror." The pro- 
cess of silvering ordinary mirrors is briefly as follows : Tin-foil is first spread 
evenly upon a marble table, and then the Ilg is carefhlly poured over it. The 
two metalB combine, forming a bright amalgam. A clean, dry plate of glass U 
then careftilly pushed forward over the table so as to carry the superfiuous Hg 
before it, and also prevent the air ft-om getting between the glass and the amal- 
gam. Weights are afterwards added to cause the film to cling more closely. In 
twenty-four hours the plate is removed, and in three or four weeks is dry enough 
to be fhtmed. When we look in a mirror we rarely realize what it has cost 
others to thus minister to our comfort. The workmen are short-lived. A paral- 
ysis sometimes attacks them within a few weeks after they enter the manufac- 
tory, and it is thought remarkable if a man escapes for a year or two. Its effiects 
tre similar to those of calomel ; the patient dances instead of walking, and can* 
not direct tlie motion of his arms, nor in some cases even masticate his food. 
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The action of Hg on the human system is too well 
known to need description. " In its metallic state, Hg 
has been taken with impunity in quantities of a pound 
weight" {American Cyclopedia), but when finely divided, 
as in vapor, mercurial ointment,* or "blue-pill," its effects 
are marked. It renders the patient extremely susceptible 
to colds ; acts, as is generally thought, upon the liver, in- 
creasing the secretion of bile, and repeated doses pro- 
duce "salivation." 

Compounds. — Mercuric Oxide, HgO, "red preci- 
pitate," is interesting, as the substance from which 
Priestley discovered gas. 

Mercurous Chloride, HgCl, Calomel^ is a white 
powder used in medicine. It can be easily distinguished 
from corrosive sublimate, since it is insoluble in HgO, 
and hence, tasteless. 

Mercuric Chloride, HgClg, Corrosive Sublimate, is 
a heavy, white solid, soluble in HgO, and with a burning 
metallic taste. It has powerful antiseptic properties, and 
is used to preserve specimens in natural history. It is a 
deadly poison. Its antidote is white of eggs, milk, etc 



THE ALLOYS. 

These are very numerous, and many of them possess 
properties so different from their elements that they 
almost seem like new metals. The color and hardness 
are changed, and sometimes the melting point is below 

* This it YiUgarly caUed "angaintiim,*' which may be a oomiptkm of the 
Latin term imgaeiitam (angaeDt). \\ I9 |{ii$4 in c^taneooa dlseaao^. 
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that of any one of the constituents. The proportions of 
the metals used vary. The following is a fair average : 

jype^metai contains 3 parts of lead * to 1 of anti- 
mony, t 

l^ewter contains 4 parts of Sn and 1 of Pb. 

Sritannia consists of 100 parts of Sn, 8 of Sb, 2 of 
Bi4 and 2 of Cu. 

Srass is 2 parts of Cu and 1 of Zn. 

German Silver contains Cu, Zn, and Ni§ (brass 
whitened by nickel). 

Sojt Solder, used by tinsmiths, is made by melting 
Pb and Sn together, the usual proportion being half-and- 
half. 

JSTard Solder is composed of Cu and Zn. 

Jhisible Metal melts at 201°, and spoons made of 
it will fuse in hot tea. It can be melted in a paper-cru- 
cible over a candle. It consists of Bi, Pb, and Sn. Yet 



* An improTed kind lately introdnced is 2 parts Pb, 1 part Sn, and 1 Sb. 

t Antimonj was diacoyered by Baeil Valentine, a monk of Germany, in the 
fifteenth century. It is said that, to teet its properties, he first fed it to the 
swine kept at the convent, and found that they thrived upon it. He then tried it 
npon his fellow-monks, bat perceiving that they died in consequence, he forth- 
with named the new metal, in honor of this fkct, <mti-moins (anti-monk), whence 
our term aiUbnony is derived. It is a brittle, bluish-white metal, with a beau- 
tlftil laminated, star-like, crystalline structure. It is used simply as an alloy for 
type-metal, Britannia-ware, etc. Its test is HgS, which throws down a brilliant 
orange-colored precipitate. Melt a small fragment of Sb before the blow-pipe, 
and throw the melted globule upon an inclined plane. It will instantly dart of! 
in minute spheres, each followed by a long trail of smoke. 

t Bismuth is a reddish-white metal used only in alloys and in the construction 
of thermo-electric piles. (See Physics, p. 249.) 

I Nl, like Co, is a constituent of meteorites. It is mined in Pcnnsyh'ania for 
the Uuited States government to make into cents. Formerly itn principal use was 
in German silver, but of late it has been employed extensively in the manufac- 
ture of the beet plated- ware. (See Physics, p. 2£fi.) Its silvery whiteness, when 
pore, its high polish, which often lasts for years, and its hardness, almost eqaal 
to tbAt of tteel, eminently fit it for the plating of mathematical and other delicate 
bistnunents. The salts of m have a handsome green tint The rare gem chrysch 
pnm is ecdorad by the oxide. 
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the first metal melts at bOTy the second at 617°, and the 
third at 442°, 

Sronze is 95 parts of Cu, 4 of Sn, and 1 of Zn. 

Gold is soldered with an alloy of itself and Ag ; Sil" 
ver, with itself and Cu ; Copper, with itself and Zn : 
the principle being that the metal of lower fusing point 
causes the other to melt more easily. 

Coin. — The precious metals, when pure, are too soft 
for common use. They are therefore hardened by other 
metals. The gold coin of the United States consists of 9 
parts of gold and 1 of alloy. The alloy is composed of 9 
parts of Cu, whitened by 1 of Ag, so as not to darken the 
gold coin. Silver coin is 9 parts of Ag and 1 of Cu. The 
nickel cent is 88 parts of Cu and 12 of Ni. Cu being 
cheaper than Ni, it is used to make the coin larger. 
The term carats applied to the precious metals, means 
y'j part. Therefore, gold 18 carats fine, contains J^f of 
gold and y\ of alloy. 

Shot is an alloy of about 1 part of As to 100 of Pb. 
The manufacture is carried on in what are called " shot- 
towers," some of which are two hundred and fifty feet 
high. The alloy is melted at the top of the building, 
and poured through colanders. The metal, in falling, 
breaks up into drops, which take the spherical form (see 
Physics, ^pages 44 and 192), harden, and are caught at 
the bottom in a well of water which cools the shot and 
also prevents their being bruised in striking. The shot 
are dipped out, dried, and then assorted, by sifting in a 
revolving cylinder, which is set slightly inclined and per- 
forated with holes, increasing in size from the top to the 
bottom. The shot being poured in at the top, the small 
ones drop through first, next the larger, and so ODf till 
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the largest reach the bottom. Each size is received in its 
own box. Shot are polished by being agitated for several 
hours with black-lead, in a rapidly revolving wheeL 
They are finally tested by rolling them down a series 
of inclined planes placed at a little distance from each 
other. The spherical shot will jump from one plane to 
the next, while the imperfect ones will fall short, and 
drop below; or sometimes, by rolling down a single in- 
clined plane, the spherical ones will go to the bottom, 
while the imperfect ones roll off at the sides. 

Oreide is a beautiful alloy of brass resembling gold, 
but it soon tarnishes by exposure to the air. 

Atuminum Sronze, or gold, is an alloy of Al and 
Cu. It is elastic, malleable, and very light It strikingly 
resembles gold, and is much used instead of that costly 
metaL 



REVIE\V OF THE PROPERTIES 
OF THE METALS. 

Oxidation. — K and Na have an intense attraction 
for 0, while Au and kg have little affinity for it, and are 
therefore found native. 

Density.— V. is lighter than any known liquid. Pt is 
the heaviest solid, b^ing over twenty-one times as heavy 
as H2O, while K and Na will float upon it. 

MelHng ^inl.—Hgi& liquid at all ordinary tem- 
peratures. K and Na melt beneath the boiling point of 
H2O ; Zn below a red heat, and Cu above ; Co, Ni, and 
wrought*iron require the greatest heat of the forge 
(4000''), while Pt and Os melt only in the flame of the ^ 
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oxy-hydrogen blow-pipe. Sn melts at the lowest temper- 
ature (442°) of any of the ordinary metals. 

Color. — The most common color is white, of varying 
shades. It is nearly pure in Ag^ Pt, Cd, and Mg ; yellow- 
ish in Sn ; bluish in Zn and Pb ; gray in Fe, and reddish 
in Bi. Cu is a full red, and Au a bright yellow. 

Malleability. — Au, Ag, and Cu are the most malle- 
able of the metals ; Au, Ag, and Pt are the most ductile. 

Srittleness . — Sb and Bi may be easily powdered ; 
Zn may be broken with more difficulty, while the fibrous 
metals are exceedingly tough. 

Tenacity. — Steel is the most, and lead the least, 
tenacious of the metals ; the proportion being as 1 to 42. 

Special ^Properties. — Oertain of the metals are 
valuable because of their peculiar properties. Thus, Hg, 
because it will form an amalgam, and is a liquid at all ordi- 
nary temperatures; Sb, because it hardens Pb and Sn ; Bi 
and Cd, because they render Pb and Sn more easily melted ; 
Ni, because it whitens Cu; Mg, for its brilliant light; 
Au, for its rarity and lustre ; Fe, for the diverse properties 
it can assume in wrought and cast iron, and in steel, and 
because it is the only metal which can be used for the 
magnetic needle and electro-magnet; Cu, for its duc- 
tility and its conductibility of electricity ; and Pt, for its 
infusibility. 

PRACTICAL QUESTIONS. 

1. Pb is softer than Fe ; why is it not more malleable? 

2. What is the cause of the changing color often seen in the 
scum on standing water ? 

3. How can the spectra of the metals be obtained ? 

4. Ought cannon^ car-axles^ etc.« to be used until they break or 
wear out ? 
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6. Why is " chilled iron " used for safes ? 

6. Does a bla<^8mith plunge his work into water merely to 
cool it? 

7. What causes the white coating made when we spill water 
on zinc? 

8. Is it well to scald pickles, make sweetmeats, or fry cakes in 
a brass kettle ? 

9. What danger is there in the use of lead pipes ? Is a lining 
of Zn or Sn a protection ? 

10. Is water which has stood in a metal-lined ice-pitcher health- 
ful? 

11. If you ask for "cobalt" at a drug-store, what will you get? 
If for " arsenic ?" 

12. What two elements are fluid at ordinary temperatures ? 

13. Should we touch a gold ring to mercury ? * 

14. Why does silver blacken if handled ? 

15. Why does silver tarnish rapidly where coal is used for fires ? 

16. Why is a solution of a silver coin blue ? 

17. Why will a solution of silver nitrate curdle brine ? 

18. Why does writing with indelible ink turn black when exposed 
to the sun, or to a hot iron ? 

19. What alloys resemble gold ? 

20. Why does a fish-hook " rust out " the line to which it is fas- 
tened? 

21. Why do the nails in clap-boards loosen ? 

22. Show that the earth's crust is mainly composed of burnt 
metals. 

23. What kind of iron is used for a magnet ? For a magnetic 
needle? 

24. Why does a tin pail so quickly rust out when once the tin is 
worn through ? 

26. Why is the zinc oxide found in New Jersey red, when zinc 
rust is wlute ? 

26. Should we filter a solution of permanganate of potash 
through paper ? 

27. Whyare wood, cordage, etc., sometimes soaked in a solution 
of corrosive sublimate ? 



• If the snrfiMie is only whitened, the Hg may be removed with dilute HWO,, 
and the ring be polished to look as before. The Hg will soon penetrate the gtfld 
and render it brittle. 
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28. Why does the white paint around a sink turn black ? 

29. Why is aluminum, rather than platinum, used for wi^lciwg 
the smallest weights ? 

30. How would you detect the presence of iron particles in black 
sand? 

31. Which metals can be welded ? 

32. When the glassy slag from a blast-furnace has a dark color, 
what does it show? 

33. In welding iron the surfaces to be joined are sometimes 
sprinkled with sand. Explain. 

34 What is the difference between an alloy and an amalgam ? 
85. Steel articles are blued to protect from rusting, by heating in 
a sand-bath. Explain. 

36. Give the rational formulse for copperas and white lead. 

37. Why is Hg used for filling thermometers ? 

38. What oxide is formed by the combustion of Na, K, Zn, S, Fe, 
Pb, Cu, P, etc.? Which are bases? Adds? Give the common 
name of each. 

39. Is charcoal lighter than HjO ? 

40. Name the vitriols. 

41. Is Mg a monad or a dyad ? Zn ? 

43. Name some dibasic acid. 

48. Name a neutral salt. An acid salt. 

44. Calculate the percentage of water contained in crystallized 
copper sulphate. Sodium sulphate. Calcium sulphate. Alum. 

45. What is the test for Ag? Cu? 

48. What weight of crystallized "tin salts" (SnCl2,2H,0) can be 
prepared from one ton of metallic tin ? 

47. 100 parts by weight of silver yield 182.8 + parts of silver 
chloride. Given the combining weight of chlorine, required that 
of silver. 

48. What is the composition of slaked lime ? 

49. How is ferrous sulphate obtained ? How many tons of crys- 
tals can be obtained by the slow oxidation of 280 tons of iron 
pyrites containing 87.5 per cent, of sulphur? 

50. Required 500 tons of soda crystals ; what will be the weight 
of salt and pure sulphuric acid needed ? 

51. Describe the uses of lime in agriculture. 

52. How many tons of oil of vitriol, containing 70 pes cent of 
pure add (H2SO4), can be prepared from 250 tons of iron pyrites, 
containing 42 per cent, of sulphur ? 



III. 



iDrganic iChemistry. 



"Thus the Seer, 
With vision clear, 
Sees forms appear and disappear, 
In the perpetual round of strange, 
Mysterious change 

From birth to death, from death to birth. 
From earth to heaven, from heaven to earth; 
Till glimpses more sublime 
Of things, unseen before. 
Unto his wondering eyes reveal 
The Universe as an immeasurable wheel 
Turning forevermore 
In the rapid and rushing river of Time." 

Longfellow. 
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INTRODUCTION. 

Necessity of Organization. — We have thus far 
spoken of the yarious elements of matter. We haye 
foand many which are necessary to the growth of our 
bodies, but still we cannot live upon them. We need 
phosphorus, but we cannot eat it, for it is a deadly poison. 
We need Fe, but it would make a most unsavory diet. 
We need CaO, but it would corrode our flesh. We need 
H, but it must be combined with as H2O to be of 
any value to us. We need C, but charcoal would form a 
very indigestible food. If we were shut up in a room 
with all the elements of nature, we not only could not 
combine them so as to produce those organic substances 
necessary to our life and comfort, but we should actually 
die of starvation. We thus find that the mineral matter 
must be organized in some manner before we can use it 
to advantage. 

Plants Organize Matter. — We have seen that 
in the plant the sunbeam decomposes the poisonous CO2 
and furnishes us the life-giving ; that we cannot create 
force ourselves, or draw it direct from the sun, but must 
fcake that which the plant has hoarded for us. We shall 

i 
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now find that, in addition, the plant changes inorganic 
matter to organic. It takes up the elements we need for 
our growth and for use in the arts, and combines them 
into plant-products, such as wood, starch, sugar, etc. — 
We are thus dependent upon the vegetable world for the 
grand staples of commerce and of luxury — all that we 
eat, drink, or wear. Each tiny leaf, every tree and shrub, 
every spire of grass even, is working constantly for us. 
The earth was once a burnt body — ^the cinders of the vast 
fire amid which it had its origin. (See Geology, page 17.) 
Every organized substance now on its surface has been 
rescued from the grasp of by the plants. 

!Z>tj^erence between Organic and Inorganic 
Sadies. — 1. While inorganic bodies deal with sixty- 
three elements, organic are composed principally of only 
four, C, H, 0, and N. As C is their characteristic ele- 
ment, they are frequently styled the " carbon compounds." 
2. While inorganic molecules consist of only a few atoms, 
and are therefore rery simple in their construction, as : 
H2O, C02> K2O, organic frequently contain a large num- 
ber, and are extremely complex, as : Sugar = C12H22O11, 
having 45 atoms in a molecule; stearin = C57H,,qO 5, 
haviQg 173 atoms; albumen = C72H„oN|8S022> having 
222 atoms, and even more, according to some author- 
ities. 3. While inorganic bodies are formed and re- 
main fixed in one state under the influence of chemical 
affinity, organic grow rapidly, change constantly, and 
when life ceases, as rapidly decay, and are transformed 
into inorganic substances. 4. Owing to their complex 
structure, and the presence in many of them of the nega- 
tive N, they form most unstable compounds. In this we 
find the cause of their quick decay. The vital principle 
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alone holds them together, frequently in oppoaiti ;n to 
the lawa of chemical affinity; and the instant that is re- 
rooved, the tendency is to seek new affiuitiea and form 
new compounds. On the other hand, inorganic are gen- 
erally burnt bodies. Their chemical afOnities are satis* 
lied, and hence at rest 

TAe J^Tumber of Carbon Compounds greatly 
exceeds that of all the other elements combined, and is 
constantly increasing. The labor of modern chemists is 
largely devoted to the subject, and the field opens and 
broadens with every discovery. The methods of classifi- 
cation are nnsettled,* and new and conflieting theories 
yet contend on this border-ground of chemical knowl- 
edge 

Isomerism. — Isomeric cornponnds are those which 
consist of the same elements in the same proportion. 
— Example: Sugar and gum-arabic have the same 
molecular formula, C13H23O11. — Gelis. The difference 
between such compounds bos been supposed to lie in a 
dissimilar grouping of the atoms about one another, as the 
same pieces upon a checker-board may be variously ar- 
ranged ; or as the letters p-l-e-a may also spell 1-c-a-p. or 
p-e-a-1. or p-a-l-e : yet nothing is definitely known. 

Alloiropism. — The individual elements are also sna- 
oai>tihle of allotropic slates ; as, for instance, the C in a 
comjMnnd may he in any one of its three allotropic forms. 
These two principles of isomerism and allotropism run 
throngh organic chemistry, and account, in some measure, 
for the immense number of its compounds. Still, one 

• Eren Miller, In hit una! wnrk on ihf EU'tnonU "f rhi-mLlrr, wblch em- 

■ntborttliL mud ne&rly lh( (uss u UiU which wu ailoplsd In the brmur •dlUui 
(if Ibli irDCk. 
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can hardly nnderst^id how olefiant gas and india-mbber, 
the fragrance of a rose and the odor of a kerosene-lamp, 
should consist of the same elements, C and H, only in 
varying proportions. 



STARCH, WOODY FIBRE, AND SUGAR. 

1 . STARCH. 
(CbHioOb.) 

Source. — Plants ac- 
cumulate it, 1, in their 
roots, as the carrot, the 
turnip, etc. ; 2, in anh- 
t«rranean stems, aa 
the potato, of which it 
forms about 30 per 
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cent. ; 3, in the baae of 
their leaves, as the on- 
ion ; 4, in the seed, as 
com, of which it forms 
about 80 per cent; 5, 
in the embryo, as the 
bean, the pea, etc. In 
all these it is stored up 
for the future growth of 
the plant. It is kept in 
its starch form (lest it 
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diawlre in the firat r^n), and then turned to sugar 
only wheD the plant needs it in growing. (See p. 194.) 
Under the microscope, each vegetable is fonnd to have its 

peculiar form of etarch granule, so that in this way any 

adulteration is easily detected.* 

Preparation. — Starch is made from wheat, com, pota 

'fc«eB, etc The process is essentially the same in all. The 

r^wtato, tor example, is ground to a pulp, and then washed 
"^th cold water. The starch settles from this milky mass 
OS a fine, white precipitate. 

Propertiea. — Starch is insoluble in cold water ; in hot, 
it absorbs HgO, swells, and the 
grannies burst, forming a jelly- 
like liquid, nsed for starching. 
The swelling of rice, beans, etc, 
when cooked, is owing to this 
property. By heating to 400° 
vhen dry, starch undergoes a 
pecnliar change into a substance 
known as dextrine,t used as a 

mncilage on envelopes and adhesive stamps, for making 
"flg-paete," and stiffening chintzes. The test of starch is 
I, which forms in solution the blue iodide of starch. Sago 
is the starch from the pith of the palm-tree ; tapioca and 



• "TUoitractareoflhegimiiMorBtarch is yeiybeantKUUrdtaplajed by placing 
•mne of them Id contact with b drop or capcentrated ■olnUou of Eiac cbloridB 
(llDgad wltb ■ Uttle tree Iodine) on (he Held of the microscope. No cbapgc takes 
phKB In the gnniilea nntU s Uttlo Traler Is added. They then become of a deep 
Uw oidor, and cndniLll; expand ; at dret a rrill-Uke plaited margia Is developed 
mmd tbB globBla ; by d^raes tbU opaas oat ; tbe plaits upon the ^lobnle may 
Omi ba Mail Bkmlf unfolding, and may be traced In many cases into tlie nrlu- 
-Um Ot tiM bill ; nUmately tlie grtuinles swell np to tweaty or thirty times Uiali 
gtlglBBl bnik, ud pncent tba appearance ol a daccld sac."— BuBZ. 

t Daztriiia li laomaiic irith starch, bnt Is Dot discolored by L 
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arrow-root are made from the roots of Sonth American 
marshy plants.* 

GuH is found in the juices of nearly all plants, and 
frequently exudes, as in the peach, plum, and cherry. It 
is soluble in water, but not in alcohoL Gum-arabic, which 
flows in transparent tears from an acacia tree, is the 
purest form-t Mticilagey which occurs in gum tragacanth, 
linseed, quince-seed, etc., is a modification of gum, and is 
insoluble in H2O. It forms with it, however, a gelatinous 
liquid, which is exceedingly usefuL 

Yeg stable Jeiiy. — A variety of gum called pectose 
exists in nearly all fruits and vegetables. It gives to 
them their hardness while green. — Fremy. In the pro- 
cess of ripening, or by heat, acids, etc., it is turned into 
pectin. We find this abundant in the thick juice which 
exudes from an apple while baking. In the making of 
jellies, pectose is converted into a mixture of pectosic 
and pectic acids. 



2. WOODY FIBRE (CgH.oOa). 

Sources. — If a thin slice of wood be examined under 
the microscope, it will be seen to consist of a fibrous sub- 
stance incrusted and compacted with woody matter. The 
former is called cellulin (C^H iqOs).! It composes the cells 



* Very many of the fjuinaceons preparations sold for the sick and inraMd, 
under high-sonnding names, are simply wheat or com starch. 

t It is a soluble salt, being composed of arable acid (CitH««0ii, GSU8\ com- 
bined with K and Ca. 

t It is probable that the molecule of woody ftbre is lome multiple of this ftv- 
mnla, as Cj»HsoOj«. 
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of all plants, giving them strength and finnnesa, and is 
fonnd even in delicate fruits, holding their lusciuus juices. 
It occnrs in various modiiications, in wood, uut-shells, and 
fruit-etones. In the heart o( a tree, its cells are hard and 
dense; in the outer part, they are soft and porons; in 
elder-pith and cork, light and spongy ; in flax and cotton, 
long, pliable, and fibrous; in the bran of wheat and co: 
digestible. 

SecretioH. — All vegetation consists of these simple 
cells. They seem alike to the eye, yet they have a very 
diverse power of secretion. The cell of the sugar-maple 
converts its sap into sugar ; the milk-weed, into a milky 
juice; the caoutchouc, into rubber; the rhubarb-plant, 
into oxalic acid ; and the rose-petal, into the most delicate 
of perfumes. 

Cellfl are always true to themselves. There seems to be 
a lav of God stamped on each one, so that when we cut a 
tiny bud from one tree and graft it into another, it remains 
conBistent with itself. It develops into u limb, and years 
pass by. The few single cells become a myriad, yet they 
have not changed. The sap flows upward in the tree ; 
but at a certain point— a hidden threshold which no 
human eye can discern, it comes under a new and strange 
inflnonce. Here it is transformed, and produces froit 
and Sowers, in accordance with another and different 
growth. Somehow quince-juice is made into pears, 
locust-jnice blooms out into fragrant acacias, and sweet 
and sour apples hang upon the same limb. 

Uses, — These are wonderfully various. Woody fibre ia 
woven into cloth, built into houses, twisted into rope, 
twine, and thread, pressed into paper, cut into fuel, 
carved into furniture. We eat it. wear it, walk on it^ I 
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write on it, sit on it, print on it, pack our clothes in it, 
sleep in it, ride in it, and bum it. 

Paper is made from cotton, linen, straw, or any sub- 
stance containing cellular tissue. The finest writing- 
paper is manufactured from linen rags. These are first 
" shredded " upon scythe-blades — L e., the seams are ripped 
open, buttons cut off, and the dust shaken out. 2d. 
They are steamed in a solution of chloride of lime for ten 
or twelve hours until they are thoroughly bleached. 3d. 
They are receiyed by a machine that alternately lacerates 
them by a cylinder set with razor-like blades, and washes 
them with pure, cold water for six hours, until they 
are reduced to a mass resembling rice and milk. 4th. 
This pulp receives a delicate blue tint from smalt* 6th. 
It is diluted with H2O nearly to the consistency of milk, 
and strained to remove the waxed ends and knots of 
thread that cause the little lumps which catch our pen 
when we write rapidly on poor paper. 6th. It fiows over 
an endless belt of wire-gauee, about thirty feet in length, 
through which the water steadily drips from the pulp, as 
it slowly passes along, gaining consistency and firmness. 
7th. It comes to a part of the belt called the " dandy- 
roll,'* consisting of a cylinder, on the surface of which are 
wires arranged in parallel rows, or fancy letters, which 
print upon the moist paper a design — constituting what 
is termed "laid,'* or " wire- woven," paper. 8th. The 
paper, very soft and moist as yet, passes between rollers 
that squeeze out the water; then between others which 
are hot, and dry it. 9th. It comes to a vat of sizing, com- 
posed of glue and alum, into which it plunges, and at the 

* Powdered glass colored with oxide of cobalt 
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opposite side emerges only ty gu !>etweeii otlier rollers that 
press and dry it — at the end of which it paases under a 
cylinder, set with knives that cUp the roll into sUeeta of 
any desired size. 

"Paper Varchtnent is prepared by plunging unsized 
paper for a few seconds in HaSOi of a specified strength, 
then washing off the acid. This, in some unknown way, 
changes its appearance and character, so that it resembles 
parchment, while its toughness is five times that of the 
paper from which it was made. 

J^ine/t is made from the inner bark of &ax. The 
plant is first pulled from the ground to preserve the en- 
tire length of the stalk ; next " rotted " by exposure to 
air and moisture, when the decayed outer bark is removed 
by "breaking;" then, by " hatcheling," the long, fine 
fibres are di>'ided into shreds, and laid parallel, while the 
tangled ones arc separated as " tow." It is then bleached 
on the graas, which renders the gray coloring-matter sol- 
uble by boiling in lye. The whitened flax ia lastly woven 
into cloth. 

Cotton consiBts of the beautiful hollow, white hairs 
arranged around the seed of the cuttou-plaut. As it is 
always pure and white — eicept Nankin cotton, which is 
yellow — it would reijuire no bleaching did it not become 
soiled in the process of spinning, etc. 

^^roxylin (pur, fire, and xalon, wood), Qun-Cotion, 
ia prepared by dipping cellnlar tissue — cotton, saw-dust, 
printing-paper, etc. — in a mixture of H NOs and H JSO4 of 
a certain sj^ecific gravity. It ia then carefully waslied 
and dried. It is not materially changed in appoarunce, 
but a part of its H has been replaced by NO3, and it has 
become very inflammable. It will bum at a temperature 
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more than 200° below that required to ignite gunpowder, 
while its explosiye force is much greater. 

Collodion is a solution of gun-cotton in sulphuric 
ether and alcohoL It forms a syrupy liquid, which is 
much used by photographers. 

3 . SUGAR. 

CANE-SUGAR (C,2H220„),* Sucroseyis obtained from 
the sap of the sugar-maple^ and the juice of the sugar-cane, 
sorghum, and beet In making it from the sugar-cane, 
the canes are crushed between iron cylinders, to express 
the juice. As the liquid sours very soon, from the heat 
of the climate in which it grows, a little lime is added to 
neutralize the acid, and it is then evaporated to a thick 
jelly, and set aside to cooL The sugar crystallizes read- 
ily, forming brown sugar, which is put in perforated casks 
to drain. The drainings, "mother-liquor,'^ constitute 
molasses. 

defining . — Brown sugar is dissolved in H2O, filtered 
through twilled cotton to remove the coarse impurities, 
and then through a deep layer of animal charcoal The 
colorless solution is next evaporated in vacuum pans from 
which the air is exhausted, so that the sugar boils at so 
low a temperature as to avoid all danger of burning. 
When sufficiently concentrated, the liquid is removed and 
set aside to crystallize. If the mass of crystals is dried in 
moulds, it forms haf sugar ; if in centrifugal machines. 



* A very brilliant ezperiment showlDg the presence of C in CiaHaaOn Ib 
obtained by patting on a clean, 'white plate, a mixture of flnely-pulverized white 
sugar and KCIO,. Upon adding a few drops of HaSO«, a vivid combastion will 
ensue. By mixing with the sugar a few iron and steel filings, and performing 
the expei-iment in a dark room, or out of doors at night, fiery rosettea will flash 
through a rose-colored flame, and produce a fine effect 
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granulated sugar.* The drainings constitute "syrup/' 
"sugar-house molasses/' etc. 

ConfecHonefy . — Terra alba (white earth), is im- 
ported from Ireland for use in lozenges, drops, etc.f 
Confectionery is often colored by dangerous poisons, so 
that prudence would forbid the use of any colored candy. 
Licorice drops are frequently only the poorest brown 
sugar, terra alba, and a flavoring of licorice to make the 
unwholesome mixture palatable. Gum-drops are made, 
not from gum-arabic, but generally of a species of glue 
mannfaotnred out of hoofs, parings of hides, etc. How- 
ever repugnant it may appear, this substance is perfectly 
clean and wholesome. Bock candy is formed by suspend- 
ing threads in a strong solution of sugar. It crystallizes 
Upon the rough surface in large, six-sided prisms. 

Caramety familiarly called burnt sugar, is formed 
whenever sugar is heated to about 420°, as when sweet- 
xneats boil over on the stove ; H2O is lost and C remains 
in excess. It is used by confectioners and for coloring 
liquors. 

GRAPE-SUGAR (C5H,205), Dextrose^ is found in honey, 
figs, and many kinds of fruit. Its sweetening power is 
about two-fifths that of cane-sugar. 

Sugar from Starch. — The difference in the con- 
stitution of starch and grape-sugar is only HgO. By 

* This apparatus conBiRts of a cylindrical dram mounted upon a vertical axis, 
to wbich a rapid rotary movement can be given. The cater side of this dram is 
made of a stoat bat closely-woven network. The dram is inclosed in a large, 
fixed, cylindrical vessel capable of holding the liquid which may pass out through 
the network. A charge of syrap is placed in the inner dram, which is then made 
to revolve rapidly. The syrap escapes through the wire-gauze into the outer 
dram while the crystals are rapidly dried. 

t We can and ehoold test all the candy we purchase by putting a small piece in 
a sJaM of water. Whatever settles to the bottom and remains undissolved is an 
•doltentioii. 
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slowly heating potato-starch . with dilute H2SO4 it is 
transformed into a syrup, from which the dextrose will 
separate in crystals. The weight of the sugar will exceed 
that of the starch by the additional H2O. The acid acts 
by catalysis, being itself unchanged in the process.* 

^ ^ Candied Jetties, ^Preserves, etc . ^ ^ — The 
sugar of many kinds of ripe fruits consists of grape or 
cane sugar mixed with fruit sugar. The latter changes 
gradually into grape sugar, and crystallizes as in honey, 
dried figs, etc.f 



FERMENTATION. 

K a solution of starch or grape-sugar be exposed to the 
air it will undergo no change ; but if there be added a 
little ferment,! or any albuminous substance (/. e., one 

* Saw-dast, paper, and even rags can in the same way be converted into sogar. 
Indeed, Prof. Pepper speake of seeing eome made out of an old shirt Wonderftil 
beyond onr comprehension is that chemical force which can transform a cast-oif 
garment into a substance which will delight the palate, or a snowy page on which 
thonght may be inscribed. Thus the chemist fointly imitates nature, which, 
ever out of waste and refhse, springs afresh. The fitir petals of the lily rest upon 
the black mud of the swamp, and the products of decay come back to us in 
objects of use and forms of beauty. 

t Grape sugar is isomeric with fruit sugar, but is much sweeter. The former, 
as it is noted for its right-handed rotation of the plane of polarised light, is called 
dextrose (dextra, right), and the latter, from its left-handed rotation, laevulose 
(tevtM, left). (See Physics^ p. 170.) 

X In many cases, spontaneous fermentation sets in without the apparent 
addition of any ferment: thus wine, beer, milk, etc., when allowed simply to 
stand exposed to the air, become sour, or otherwise decompose. These changes 
are, however, not effected without the presence of vegetable or animal life, and 
are true fermentutions . the sporules^ or seeds of these living bodies, always float 
about in the air, and on dropping into the liquid begin to propagate themselves, 
and in the act of growing evolve the products of the fermentation. If the above 
liquids be left only in contact with air which has been passed through a red-hot 
platinum tube, and thus the living spomles destroyed ; or if the air be simply 
filtered bypassing through cotton wool, and the spomles prevented ftt>m coming 
Into the liquid, it is found that these fermentable liquids may be preserved for 
any length of time without undergoing the slightest change.— RoflooB. 
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oontauiing N)^ in a decomposing state, it will immedi- 
ately commence breaking up into new compounds. The 
lennent acts by catalysis, its presence seeming to over- 
come the unstable equilibrium of the chemical forces, 
and causing the large molecules to drop into smaller 
ones. There are two stages in this chemical change. 

Ist AlcohoUc J^ermentatio?i . — In ihx^, the grape- 

nigar is resolved into alcohol and carbonic anhydride. 

The former remains in the liquid, while the latter 

escapes in little bubbles of gas. The reaction may be 

represented thus: CeH,20e=2C2H50 + 2C02. 

2d. Acetic J^ermentation .* — The second stage 
succeeds the first immediately, if not checked, and by ab- 
sorbing from the air, the alcohol is broken up into 
acetic acid and water ; thus, C2H6O +O2 (from the air) = 
C2H4O2 + H2O. 

Yeast is formed during the process of fermentation. 
It consists of microscopic plants (Mycoderyna cerevisice) 
which increase by the formation of multitudes of tiny 
cells not more than -^\j^ of an inch in diameter. In the 
brewing of beer they spring up in great abundance, mak- 
ing common brewer's yeastf 

M^att^ — In making malt, the barley is thoroughly 
soaked in water, and then spread on the floor of a dark 
room, to heat and sprout. Here a curious change ensues, 
identical with that which takes place in every planted 
seed. Each one contains starch and a nitrogenous sub- 



* There are also other forme of fermentation, as the lactic, yielding lactic acid— 
the acid of Boar milk ; bntjric, yielding butyric acid, etc. 

t The yeast-cakes of the kitchen are formed by exposing moistened Indian 
meal, containing a ferment, to a moderate temperature, until the gluten or albu- 
minona matter of the cake has undergone this alcoholic fermentation. They are 
then laid aaide for nee. 
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stance called gluten. The tiny plant not being able to 
support itself in the beginning, has here a little patri- 
mony with which to start in life ; but, as the starch is 
insoluble in the sap, it must first be changed to a soluble 
form. We see, therefore, the need of a ferment; but it 
would not answer to store up in the seed an active fer- 
ment, as that might cause a change before the plant was 
ready to grow, and thus the plant's capital be wasted. 
The gluten acts, therefore, as a latent ferment As soon 
as the seed is planted it absorbs moisture from the ground, 
is turned into diastase— an active ferment * — the starch 
is converted into dextrine and sugar, dissolved, and imme- 
diately applied to the uses of the growing plant. This 
change takes place in the malting-room. The barley 
sprouts, and a part of its starch is turned to sugar, so as 
to give it a sweetish taste. If this germination were 
allowed to proceed, the little barley sprout would turn 
the sugar into woody fibre. To prevent this, the grain is 
heated in a kiln until the germ is destroyed. Barley in 
this condition is called 7nalty and is then transported to 
the breweries. 

SreTPing Seer. — The malt is crushed and digested 
in water, to convert the remaining starch into dextrine 
and sugar. Hops and yeast are added, and fermentation 
immediately commences. Bubbles of gas rise to the top 
with a low hissing sound, yeast gathers in a foamy cream 
that comes to the surface of the tub, while the alcohol 
gradually accumulates in the liquid. The beer is now 
drawn off into tight casks, where it undergoes a second 



* Malt does not contain more tlian k^ of its weight of diastase; one part of 
this substance being sufficient to change 2,000 parts of starch into dextrine and 
sngar.— Pbrsoz Ain> Patvk. 
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^^Unentation ; the flavor ripens^ and the CO2 collecting, 
fi^Tes to the liquor, when drawn, its sparkling, foamy 
*l>pearance. 

Lager Seer {Lageruy to lie) is so called because it 
allowed to lie for months in a cool cellar, where it 

ipens yery gradually. It is also fermented much more 
Slowly and perfectly than ale or porter. 

TKine is made from the juice of the grape. The juice, 

^Dr mVfSt, as it is called, is placed in vats in the cellar, 

^here the low temperature produces a slow fermentation. 

Ifhen all the sugar is converted into alcohol and C02> a 

dry wine remains ; when the fermentation is checked, a 

sweet wine is the result; and when bottled while the 

change is still going on, a brisk, effervescing wine, like 

champagne, is formed. The flavor or "bouquet*' of wine 

is due to the slow formation of a fragrant and aromatic 

ether.* (See p. 204) The tartaric acid of the grape 

gradually separates and collects on the sides and bottoms 

of the casks in a white incrustation — cream of tartar. 

Alcohol in Seer^ 7Vt?iey etc. — Alcohol is the 
intoxicating principle of all varieties of liquors, ale, beer, 
wine, cider, and the domestic wines. Ale and porter 
contain from 6 to 8 per cent, of alcohol ; wine varies from 
7 per cent, in the light claret to 17 per cent, in the strong 
Port and Madeira ; brandy and whisky have from 40 to 
60 per cent 

Ardent Spirits. — When any fermented liquor is 
distilled, the alcohol passes over, together with water 
and some fragrant substances which are condensed. In 
this way brandy is made from wine ; rum, from fermented 

* CBnaofhic ether, a liquid with a powerftal odor, which causes the peculiar 
•mail of grape- wine. 
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molassea or cane-jnice ; whiskey, from fermented com, 
rye, or potatoes; and gin, from fermented barlej and lye, 
afterward redistilled with juniper-berrieB. The accompa- 
nying cat represents an apparatus nsed for this distilla- 




tion A IB the boiler, B the dome, a tnbe passmg into 
S, the condenser, where it is twisted into a spiral form 
called the worm m which the vapor from the boiler is 
condensed, and drops ont at D (See Physics, page 
188) 

Aicohoi (CaHgO)* 18 prepared by distilling whiskey, 
and 18 sometimes called spints of wine It boils at 173°, 
and has never been frozen even at — lee^F It contams. 
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when strongest, 10 per cent, of H2O, which can be sepa- 
rated by adding some substance like lime, which has a 
strong aflinity for H2O. It is then called anhydrous or 
absolute alcohoL When C2H5O is exposed to the air the 
spirit evaporates, while moisture is absorbed from the 
atmosphere.* It bums without smoke and with intense 
heat, owing to the abundance of H and deficiency of C, 
and is therefore of great value in the arts. It is also of 
incalculable importance as a solvent of many substances 
— roots, resins, fragrant oils, etc. 

Effects of Aicohoi. — When pure it is a deadly poi- 
son. When diluted, as in the ordinary liquors, it is stim- 
ulative and intoxicating. Its influence is on the brain 
and nervous system ; — deadening the natural affections, 
dalling the intellectual operations and moral instincts ; 
seeming to pen^ert and destroy all that is pure and holy 
in man, while it robs him of his highest attribute — 
reason. (See Physiology, p. 150.) 

^ther [(C2H5)20]. — Sulphuric Ether is formed by the 
distillation of C2H6O with H2S04.t It has a fragrant 
odor, boils at about 94°, and burns with more light and 
smoke, but less heat, than alcohol. Its vapor is thirty- 
seven times heavier than H, and can be poured like C02.t 
By the action of different acids on C2H6O, other ethers 
are produced, viz., nitric, acetic, butyric,§ etc. 

* The chemist discovers this when he neglects to put the cxtingnisher on bis 
Alcohol-lamp, and finds that he cannot relight it withont moistening the wick 
with treAi alcohol. 

t Though thus named, this ether contains no S. It is Icnown as ethyl oxide, 
(Sec page 202.) 

X It should bo used with care in the presence of a light, ns it is inflammable and 
becomes explosive when mixed in proper proportiims with ti'w. 

§ This hat the odor of pine-apple, and is sold as pine-apple oil. The melon 
■iid strawberry are sapposcd to owe a portion of their flavor to tiiis ether. 
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CMorofotyn (CHCI3) is made by distilling CaH^O 
with clilorido of lime. It is colorleBS, volatile, of a sweet 
xaste, and should be free from any unpleasant odor 
when evaporated on the hand. It is used as a solvent of 
I, P, S, and caoutchouc, and as an anaisthetic. The value 
of ether and chloroform in alleviating pain, is beyond 
estimato. 

C'i^/wwr/CCaClaHO) is formed bypassing CI through 
absolute alcohol. It is an oily liquid which combines 
with HjO, making Chloral Hydrate, a white, crystalline 
eubstaneo, much used to induce sleep. Taken in projKsr 
quantities it is entirely safe, and is exceedingly pleasant 
in its iiiiluence. 

jicetic Acid (C2H4O2, acetum, vinegar) forms from 
two to four per cent, of common vinegar, whence its 
name. The strongest acetic acid is known as the glacial, 
smco it crystallizes mto an ice-like solid at 63°. It has 
an iromatic taste and pungent odor, and, after a time, 
bhstcrs the skm 

j^ ^ Preparation. — Vinegar is made on a 

large seali. by filtering a mixture of alco- 
hol and yeast through a cask filled with 
bcLLh shavings soaked in vinegar. As tho 
fcnueutmg alcohol slowly trickles down. 
It comes m close eontect unth the air, 
absorbing so rapidly that sometimes 
before it reaches the bottom it becomes 
M<Mna Pbwffor entirely converted into vinegar. 

Cider ymeffar — Cider contains some nitrogenous 
matter which nets as a ferment, by which the starch of 
the apple is broken up into CaH^O and COa- This 
makes what is called " old cider." By esposare to the air 
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and beat, the alcohol passes on to the second stage, and 
the acetic acid formed produces the sour taste of the vin- 
egar.* 

Properties. — Acetic acid is a solvent of albumen, gela- 
tin, fibrin, etc. Hence it takes from meat, eggs, oysters, 
etc., their most strengthening constituents. For a simi* 
lar reason, vinegai- is a valuable assistant in digesting 
such food. It allays thirst, and was anciently carried by 
the Boman soldiers in a little flask for that purpose. 
Sugar added to vinegar quickly passes to the second stage 
of fermentation, and increases its strength. Indeed, 
vinegar is sometimes made entirely from sweetened water 
and tea-leaves, which act as a ferment. Vinegars of 
commerce are often sharpened by the addition of H2SO4 
and pungent spices.f 

Preserves frequently " work," as it is called, and then 
sour. The bubbles of gas which rise to the surface indi- 
cate the alcoholic fermentation. If neglected, this soon 
passes to the acetic stage. It may be checked by scald- 
ing, which destroys the ferment. 

Aldehyde. — A molecule of alcohol absorbs two atoms 
of from the air, as we have seen, forming acetic acid 
and water. In this process, there is an intermediate step 
during which the two atoms of H combine with one atom 
of 0, forming a molecule of water. This intermediate 



♦ Mother, In vinegar, is a ftingns {Mycoderma aceti) produced by the doc in- 
position of the nitrogcuoui4 matter. It abtaorbs O from the air and gives it uj) to 
the alcohol 

t We can easily detect these by erapo rating a half-gill in a saucer, placed over 
hot water. As it boils down, add a little Butrar, taking care not to allow it to 
hnrn. If the liquid turns black, it is proof of the presence of HaSO,. Ap the 
last evaporates, the odor of cayenne pepper, etc. (if there be any), can be readily 
distlDgaishcd.— In England, commercial vinegar 1« permitted by law to have one 
part in a thoiuumd of oil of vitriol, as this keeps it fh)m moulding. 
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substance is called cMehyde,* which quickly absorbs a 
second atom of 0^ producing acetic acid. 



ORGANIC RADICALS. 

A RADICAL is the root of a series of compounds 
which differ from each other by a constant amount. 
Such series are said to be homologous {homos, same; 
logos, proportion), and the different members to be homo- 
logues of each other. 

Mars?i-gas Series . —Maxsh-gaa, CH4 (page 81), is 
the first member of a series of hydrocarbons, whose com- 
mon difference is CHg. The symbol CH4 may be written 
(CH3)H, and considered as the hydride of a group of 
atoms called methyl: hence marsh-gas is called methyl 
hydride. Methyl is the radical of a series of compounds, 
and plays the part of an element in various chemical 
reactions. The other members of the series may be writ- 
ten in the same way, and are regarded as hydrides of 
the radicals ethyl, propyl, butyl, etc. 

Methyl Hydride (Marsh-gas) CH 4 = CH 3,H 

Deutyl or Ethyl Hydride C^He =C,H5,H 

Trityl OP Propyl Hydride C^Hg =C3H7,H 

Tetryl or Butyl Hydride C4H,o=C4H9,H 

Pentyl or Amyl Hydride C5H , ,=CfiH , ,,H 

Hexyl Hydride C6H,4=C6H,3,H 

Heptyl Hydride C^H , 6=C7H , «,H 

Octyl Hydride CgH.grrCgH.^H 

Nonyl Hydride C9Hao=C9H,9,H 

etc, ^ etc. 

* The odor of aldehyde may be obtained by holding a red-hot coil of Pt wire 
in a goblet containing a few drops of alcohoL This experiment, ehowing tlie 
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2%e Aicohois. — Common alcohol, C2H6O, may be 
written C2H5,H0, which is the hydrate of the radical 
ethyl ; hence it is known as the ethyl hydrate. Each of 
the other radicals just named has its hydrate or alcohol 
In some cases it bias not yet been separated, thougli its 
symbol is known, and the body is believed to exist. The 
series has been continued as high as melyl alcohol. 



Methyl Alcohol (wood-spirit)*. ...CH^O =CH„HO 

Ethyl Alcohol C,H«0 =C,H,,HO 

Propyl Alcohol C,H«0 =C,H;,HO 

Butyl Alcohol C,H,„0 =C4Hy,H0 

Amyl Alcohol (fusel oil)t C.H.aO =C.,Hm.HO 

Hexyl Alcohol CgH , 4O =C,,H , „H0 

Heptyl Alcohol C7H , gO =0, H , 8,H0 

CyHigO =CgH,7,nO 

C9H.20O =C9H,9,HO 

Decatyl Alcohol CjoH^^O— C,oH2,,HO 



Bolllojf 
Puiut. 

. 06 C 

. 78' 

. 96' 

.100^ 

.132" 

.150" 

.164" 
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Aldehydes and ^^/rf^.— Ethyl, or common alco- 
hol, by an oxidizing agent loses two atoms of H, and is 
changed, as we have seen, to C2H4O, or ethyl aldehyde. 
This can be further oxidized into acetic acid. Each of 



fbrmation of aldehyde ft>om alcohol, may be very profitably followed by another, 
lllastratiimr the change of alcohol into acetic acid. Place a little platinum black 
in a watch crystal, near a small cnp of alcohol. Cover them both with a glass 
receiver, and set them in the sanlight. Soon a mist will gather, and tiny streams 
of the condensed vapor of acetic acid will collect and run down the sides of the 
^ass. Fresh air must be occasionally admitted to oxidize the alcohol. 

* Methyl alcohol is very like ethyl alcohol, and is used for similar purposes, as 
dissolving resins, etc. Methylated spirit is ethyl alcohol with about 10 per cent, 
of wood spirit, which does not injure it for many uses to which ordinary alcohol 
is applied. 

t This is formed in distilling whiskey ft'om potatoes. It is present in common 
C|H«0, giving a slightly unpleasant odor when it evaporates fl*om the hand. 
It is extremely poisonous, and as it is often contained in liquors, must greatly 
increase their destnictive and intoxicating properties. 
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the alcohols can thus be oxidized, and will yield an alde- 
hyde and an acid. The following is a list which is more 
complete even than that of the alcohols themselyes : 

Sonrce. 

Formic Acid * CHjOg Red ants, oxalic acid, etc. 

Acetic Acid C2H4O2 Alcohol, distillation of 

Propionic Acid CiiHgO^ Glycerin. [wood. 

Butyric Acid C4H802 Butter. 

Valerianic Acid C^ H , qO, Valerian root 

Caproic Acid Cg H , jO, Butter. 

CEnantbylic Add C7 H , ^O^ Castor oil. 

Capric Acid CgHigO^ Butter. 

Pelargonic Acid C9H i gOa Geranium leaves. 

Rutic Acid C , „H.2nOi Oil of rue, butter. 

Laurie Acid C,2H.2402 Berries of bay tree. 

Myristic Acid C,4H2802 Nutmeg butter. 

Palmitic Acidf CigH^gOi Palm oil. 

Margaric Acidf C,7H3402 Animal fats. ' 

Stearic Acid \ C , « H 3 g O2 " 

Arachic Acid C,,, H40O2 Butter. 

Bebenic Acid C22H44O2 

Hyaenic Acid C25H80O2 

Cerotic Acid C27H54O2 Beeswax. 

Melissic Acid CaoHgoOg " 

TVie J^thers. — Common ether is formed, as we hare 
seen, from ethyl alcohol by the action of H2SO4; and its 
symbol, (C2H5)20, represents that it is considered as 
ethyl oxide. Each of the other alcohols J has its ether — 
the oxide of its radical. Thus, 



* Formic acid, which was fonnd in red ants (ForrMca rtffa\ is a fiery, pnnfrent 
fluid, which blisters the skin. It is made from methyl alcohol, as acetic acid 
is from common or ethyl alcohol. 

t Palmitic, margaric, and stearic acids, are known as the fotty acids (see 
pag^ 218), and are of great valne in the arts. 

t The term alcohol is now applied to those nentral compoonds of H, 0, and 0^ 
which react npon the acids, eliminating water and forming ethers. 
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Methyl Ether ....C,H„0 =(CH,,),0 

Etliyl EtUt C,H,„0 =(C,H,),0 

Propyl Ether CtH,,0 =(C,H,),0 

Butyl Elhor C,H,,0 =lC.H,),0 

Amjl Ether Ch.H,,0 = (C,H,,)iO 

Compound Ammonias. — Each alcohol also fonna 
a scrips uf compoQinl ammonias. H3N muy be written 
thua, M '. N, and tino or more atoms of H may bo replaced 

l>; a radical. Iii the ethyl sorics, for example, wc haro 
C.H, \ C,H, I c,H, 1 

H > N, or cUtyl&mitie ; c.h, t n, diethylamine ; c,m, \ n, 

trietbylaminc. These ammonias closely reeemble cora- 
mou iunmoiiia, neutralize acids, produce white clouds with 
HCI, and form cry stall izalilc salts; though they steadily 
rise in their boiling point- 

Salts of tJie Radicals. — Tha symbol for water 
may be written tlius, !J | o ; caustic potash, |J [ o ; and 
eriiyl alcohol after the same type, ^'H' [ o. As byadding 
HCI tfl KHO we obtain KCl and HjO, eo we can form tlio 
chlorides, iodides, bromides, etc, of all the radicals of tho 
marsh-gaa scries by treating the alcohol with tho proper 
acid. Ethyl, for example, thus furnislica compounds 
analogous to the potassium salt& 

1. PoumbIqiii nltnte ^q ( 0. 

1. Ethyl nitrftto (Ethyl-nitric cthorl No"' ! °' 

2. Hydrogea-potaasiuni-sulpU&le 1. J SO,, 

2. nydrogen Gth7l-aiiIphmto(Bu]phuriccthor*).'' 
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3. Potassium sulphate y. \ ^^4* 

8. Ethyl sulphate (Ethyl-sulphuric ether) c*H* [ ^^*' 

4 Potassium acetate ^y'^ (-0. 

4. Ethyl acetate (Ethyl-acetic ether) C* H^*^ [ ^• 

The salts of tho radicals are often termed compound, 
etliersy to distinguish them from the simple ethers, which 
are the oxides. They are extensively sold as flavoring 
extracts for the use of confectioners and cooks. The 
essence of jargonelle pear is an alcoholic solution of amyl 
acetate ; apple oil, of amyl valerianate ; pine apple, of 
ethyl butyrate. 

There are many series of organic bodies, of which those 
given are merely illustrations. The various changes 
which they can undergo indicate what a wide field lies 
open for discovery, and the multitude of possible organic 
compounds. 



DESTRUCTIVE DISTILLATION. 

1. DECAY. — When wood decays slowly in the open 
air, the H passes off, the proportion of C increases, the 
color darkens, and a black carbonaceous mass remains, 
called humus. This is of great value to the soil, as its 
pores absorb H3N, which, together with CO 2 produced by 

pare its formnla with that of snlpharic add, Bhowing it to be a trae Bait as de- 
fined in the note on page 2a. 
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its decay, is fumiahed to tbe growing pUuit. When the 
supply of humus ia cihauated from the aoil, we restore 
it by adding atmw, etc., and by plowiiig iii greou 
crops. 

a. DISTILLATION.— When hard wood, as beech or 
oak, is heated to u higli temperature, with no present. 
or an imperfect supply, it is decomposed ; the charcoal 
remains, while a large number of products ia formed, 
among which are H, CO, COa- HjO, CH4, methyl alcohol, 
acetic or pyroligneous acid, creoaot*. parailiiie, tar, etc. 

^yrotigueous Acid (wood- vinegar) is the crude 
ot-etio uciil It is used in making the acetates from which 
the pure n(^id is obtained by the aotion of a stronger acid, 
OS HjSO*. 

Creosote (flesh-preserver) is a colorless, poisonous 
liquid, with a flavor of burnt wood.* It has powerful 
antiseptic pro])erties. It imparts to smuke u character- 
istic odor, renders it irritating to the eyes, and also gives 
to it the power which it poeseaaes of curing hams, 
beef, eta 

yktrafflne (^wrwrn, little; affinis, affinity), so called 
because the acidg and liases liare no elfect upon it, is a 
hard, white, tasteless solid, resembling spermaceti. It 
forms beautiful candles, which look and burn like the 
flneat of wax. It is a product of the reotitication of 
beech-wood tar, but the paralSne of commerce is now 
obtnined from petroleum. 

^ar is made, like charcoal, by burning heaps of wood 

under a covering of earth which excludes the air: au 

i imperfect combustion ensues, the resinous matter exudes. 
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and, trickling down, runs into a reservoir below. On the 
extensive pine-barrens of North Carolina the tar of com- 
merce is principally produced. 

COAL-TAR is formed in the process of making coal-gas. 
(See p. 81.) It was formerly thought valueless, but is 
now used for a great variety of purposes. On distillation 
it yields, among other products, ammonium salts (see pp. 
83, 135), carbolic acid, benzole, coal-naphtha, and dead-oil. 

Carbolic Acid {Phenic Add,* CgHgO) is noted for 
its antiseptic and disinfecting properties. By heating it 
with HNO3, py^ric acid is formed. This colors a rich 
yellow, and is a very popular silk dye. The picrates are 
yellow, explosive salts. Potassium picrate is used in 
making certain kinds of gunpowder. 

Se?tzoie\ is a light oil used as a solvent of gutta- 
percha, caoutchouc, and wax ; for removing grease-spots ; 
as a burning-fluid, etc. Its ready inflammability makes it 
an exceedingly dangerous article. A current of air passed 
through benzole, as well as through any of the other 
light hydrocarbons, will absorb so much vapor that it 
may be burned as an illuminating gas. Machines for 
lighting houses, etc., are based upon this principle. 

MlrO'^e7izote is formed by treating benzole with 
HNO3. It is a heavy, oily liquid, with an odor like that 
of bitter almonds. It is chiefly valuable, however, as the 
source of aniline,J from which are prepared the celebrated 

♦ The formula for carbolic acid is CbHbO, and may be written as C.H,,HO. 
The acid may then be considered as the hydrate of the radical phenyl, and hence 
is Bometimee called phenyl (dcotwl. Phenyl is the radical of a series of hydro> 
carbons, abundant in the coal-oils. 

t Benzole was so named because of its abundance in benzoic acid. It was for- 
merly sold as benzine, but a cheaper coal-oil has now taken its place. 

X In 1856, Mr. Perkin, while experimenting with aniline in hopes of making 
quinine, treated it with potassium bichromate. He did not snoceed in his 
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coal-tar dyes. — Example : mauve, magenta, etc. Who but 
a chemist would have searched in black, sticky coal-tar 
for these rainbow-tints, the stored-up sunshine of the 
carboniferous age ! 

^aphtlia is a volatile, limpid oil, with a peculiar odor 
and generally a light straw color. It is composed of sev- 
eral hydrocarbons and is very inflammable. Naplithaliiie 



attempt, but he obtained a beantiftil purple dye, which was soon introduced to 
commerce under the name o^rrumve. A host of imitators at once sought to obtain 
the color without using potassium bichromate. As the only use of the latter was 
to oxidize the aniline, they reasoned that they might use any other oxidizing 
agent. Arsenic, among other substances, was tried, but instead of a purple the 
red known as magenta was the result. The coloring matter, however, docs not 
contain any arsenic : being a salt of a base called rottaniline. Rosaniliiie itself is 
colorless, and reveals its magnificent tints only in its compounds. " The crystals 
of its salts exhibit by reflected light the metallic green color of beetles' wings, 
but are of a deep red color when seen by transmitted light." Magenta is manu- 
factured on an enormous scale in England, more as a substance from which to 
obtain other dyes than for direct use in dyeing. A single Ann produces twelve 
tons a week. The quantity of magenta furnished by one hundred pounds of coal, 
is very small ; but this is compensated for by its intense coloring power, since it 
will dye a quantity of wool nearly equal in weight to the coal. In making 
magenta on the large scale there are considerable quantities of residual products. 
These of course have been examined with a view to further profit, and the result 
has been the discovery of a beautifhl orange color called phosphine. This is much 
used to produce scarlet, by first dyeing the silk or wool with magenta, and then 
passing it through a bath of phosphine. By treating magenta with aniline, a 
beautiful blue is obtained. This is insoluble in water, but is rendered soluble 
exactly as indigo is, by treating it with sulphuric acid. Another curious dye 
formed fh)m aniline is known as Nicholson's blue. This is completely decolor- 
ized by alkalies, and the color is restored by acids. In dyeing with it, the silk oi 
wool is first immersed in a colorless solution of the dye, and then dipped into 
dilute sulphuric acid, when the blue is at once developed. If magenta is heated 
with iodide of ethyl or methyl, an excess of the iodide being employed, a most 
beantiftil green is the result. If, however, this green is heated sufliciently to 
drive off the excess of iodide, a violet color is the result ; so that it will not do for 
ladies wearing dresses dyed with this green to sit too near the fire. After all the 
coloring matter has been extracted from the aniline, a residue remains which 
has an intense black color and is largely used for making printing ink. Very few 
of the aniline colors when in powder give a person any idea of the color which 
they will produce when moistened. Magenta, for instance, when dry, is a beau- 
tiftal green with a bronze-llke lustre. It is a pretty experiment to coat a sheet of 
glass with one of these colors, which is readily done by dissolving in alcohol 
(Ho(tnann*8 violet being the best) and allowing a film of it to evaporate on the 
glass. When seen by transmitted light it is of a bcautilhl violet, but with reflect- 
ed light it displays a tint rivalling in brilliancy the tail of a peacock. —.Boston 
Journal (tf Chemistry. 
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is a crystalline solid occurring in beautiful pearly scales. 
It is especially abundant in dead-oil, and may be fonned 
by passing defiant gas or benzole through red-hot tubes. 
Anthracene accompanies naphthaline in the latter part of 
its distillation. It is also a white solid. It is of interest 
since the coloring principle of madder — alizarine— has 
been made from it 

S>ead' Oil is used for preserving timber ; as a cement 
for roofs and walls ; for oiling machinery, etc. 

PETROLEUM (/>e^m, a rock ; oleum^ oil) is probably 
the product of the distillation of organic matter beneath 
the surface of the earth. It is not always connected 
with coal, as it is often found outside the coal-measures, 
as in New York and Canada. The distillation must 
haye taken place at a much greater depth than that at 
which the oil is now found, as it would naturally rise 
through the fissures of the rock and gather in the cavities 
above. Sometimes the oil has collected on the surface of 
subterranean pools of salt-water, so that after a time the 
oil is exhausted, and salt-water only is pumped up ; or if 
the well strikes the lower part of the cavity, the water 
will first be pumped and afterward the oil. The crude 
oil from the well is purified by distillation. That which 
passes over at the lowest temperature is called naph- 
tha : as the heat is increased, there passes off next hero- 
sene oil* for illumination, and lastly lubricating oil The 



* KeroBene accidents generally rlee from the presence of naphtha. This is a 
cheap, light, dangerons oil. Its vapor, however, is not explosive nnless mixed 
with air. Wliile a lamp, which contains adulterated Icerosene, is baming quietly 
there is no danger. The vapor rises from the oil, flUs the empty space in the 
lamp, but being unmixed with air cannot explode. Let, however, a draught of 
cold air strike it, or carry it into a cold room— instantly the vapor will be con- 
densed, the air will rush in, and a dangerons mixture be formed. Or when the 
light is eztingaisbed at night the vapor will cool, air pass In, and a mlztare be 
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kerosene is deodorized and decolorized by the use of 
H2SO4 and other chemicals, which are stirred in the oil, 
after which it is redistilled. 

Stlumen or Asp?iattum. — Petroleum and naph- 
tha, flowing from the ground, have formed beds of bitu- 
men in various parts of the world. This change is caused 
by a gradual oxidation and hardening, as turpentine 
changes to rosin. Tar Lake is situated on the island of 
Trinidad. It is nearly three miles in circumference. 
The bitumen is used for the same purposes as pitch, 
which it closely resembles. Near the shore it is hard 
and compact, except in hot weather, when it becomes 
sticky. At the centre it is soft, and fresh bitumen boils 
up to the surface. Asphaltum is found in immense 
quantities in California and in Canada. It is a natural 
cement for laying stone or brick. It was used in build- 
ing the walls of Babylon, for which purpose it was 
gathered from the fountain of Is on the banks of the 
Euphrates. It was a prominent ingredient in the " Greek 
Fire," so much used by the nations of Eastern Europe in 
their naval wars, even as late as the fourteenth century. 
This consisted of bitumen, sulphur, and pitch, and was 
thrown through long, copper tubes, from hideous figures 
erected on the prow of the vessel. Bitumen is used in 
making the famous promenades of the Boulevards in Paris. 

prodaced which will be ready to explode when the lamp is relighted. Kerosene of 
the legal standard is no more explosive than water, and will even extingnish a 
flame applied to it at the ordinary temperature. Dr. Nichols gives the following 
simple test : FiU a bowl partly fvU of hot water. Insert a thermometer, and add 
cold water vntU the temperature is 110' F. Then pour into the bowl a spoonful qf 
kerogene and apply a lighted match. If it takes fire the oil contains naphtha and it 
dangerous ; \f not^ the kerosene may be used loith perfect safety. 
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THE ORGANIC ACIDS, 

Theee are many vegetable acids found native in plants 
— generally, however, combined with some base. 

Oxalic Acid (C2H2O4) is familiar in the sour taste 
of rhubarb, sorrel, etc. In these plants the acid is com- 
bined with K and Ca. It may be prepared by the action 
of HNO3 on sugar.* It is a potent poison. The antidote 
is powdered magnesia, or chalk, stirred in H2O. It is a 
test of lime, forming a delicate white precipitate of cal- 
cium oxalate. A solution of oxalic acid is much used 
to remove ink stains, and is often sold for this purpose 
under the deceptive name of " salts of lemon." The acid 
unites with the Fe of the ink, and the iron oxalate thus 
made is soluble in H2O. It should be washed out imme- 
diately, as it will corrode the cloth. 

Tartaric Acid (C4H6O5) exists in many fruits, 
principally in the grape, combined with K as hydrogen 
potassium tartrate (" bitartrate of potash "). This settles 
during the fermentation of wine (see p. 195), and when 
purified is called cream of tar tar y from which tartaric acid 
is made. It forms transparent crystals of a pleasant acid 
taste, which are permanent in the air. Its aqueous solu- 
tion gradually becomes mouldy and turns into acetic acid. 
Tartar emetic is an antimony potassium tartrate. Ro- 
cJielle salt is a sodium potassium tartrate ; it is commonly 
used in medicine in the form of Seidlitz potudcrs. These 
are contained in a blue and a white paper. The former 

* Oxalic acid is made on a large ecale from sawdnBt, soda, and caustic potash. 
The woody fibre is resolved into oxalic acid, which combines with the bases, 
forming sodiom and potassium oxalates. From these the acid is readily ob- 
tained. Sawdust will yield more than half its weight of crystals of this salt. 
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holds 120 grains of Rocho!le salt, ami 40 grains of bicar- 
Iiouiiteof Soda; tholiitter 35 grains of tartaric acid. They i 
arc disaolvod in separate} goblots. The ouo cnntuiniug 
tho acid is emptied into the other, when tho CO3 is set J 
free, pruduciug a violeat eSorvescence and dlsgulHiug the 1 
taste uf the medicine. 

Maiic Acid (C^HgOj) occurs abundantly in uioet 
acid fruits, particularly in unripe apples, whence its nmuo 
from malum, an apple. VilHi: ndd {citrus, a, lemon), the 
acid of the lemon, lime, etc., is oft«n found aasociatgii 
wiUi it, as in the gooaclierry, raspberry, and strawberry- 
Citric acid is used in iiiediciue as maguesium citmtc. 

Tannic Acid \iannin (CajHaiiOn) ] is found in the 
leaf and bark of trees* — Example: Oak, liemloek. Nut- 
galls are excrescences which are formed by the punctura 
of an insect on the leaves of a certain Bpecies of oak. 
Taiiuiu has an ustriugcnt taste, is soluble in water, and 
hardens albnuiinous aubstauees, as gelatine. 

Tanning. — After the hair has been removed from 
tile skins by milk of lime, they are soaked for days, the 
I)08t Mads for months, in vata full of water aud ground 
oak or hemlock bark (tan-bark). The tannic acid of tho 
bark is dissolved, and entering tho pores of the skin, 
unites with the gelatine, forming a hard, insoluble com- 
[touiid which is the basis of leather. Leather is black- 
ened by washing the hide on one side with a solution of 
coiii)eni5. The tannic ucid unites with the iron, forming 
a tunnatc of iron — an ink, In tho same way, drops of 
tea on a kuife-blade stain it black. 



• Tbiii •cWnpimt prlndrle U wWelrdimi'wd. Tbcn 
nln dT Ilia mk I* ctUn] (rwrrthmnfe udif ,■ thai uf iiu 
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Ink is made by adding a solution of nut-galls to one 
of copperas. The iron tannate thus formed has a pale 
blue-black color, as in the best writing-fluids ; by expos- 
ure to the air, the Fe absorbs more 0, the ink darkening 
in color until it is a deep black. Gum is added to thicken 
and regulate the flow of the fluid from the pen. Creo- 
sote or corrosive sublimate is used to prevent mouldiness. 
Steel pens are corroded by the free H2SO4 contained in 
the ink, but gold pens are not affected by it* 

Gatlic Acid (C7H5O5) is associated with tannin in 
nut-galls, and can be formed from tannic acid. Pyrogal- 
lie add can be obtained by the sublimation of gallic or 
gallotannic acid. It is extensively used in photography 
for the purpose of developing the latent image in the 
collodion film after exposure to the action of the light. 
(See p. 167.) 



THE ORGANIC BASES. 

The organic bases, or alkaloids, as they are called, are 
the bases of true salts found in plants. They dissolve 
slightly in HgO, but freely in alcohol. They have a bit- 
ter taste, and rank among the most fearful poisons and 
valuable medicines. All the alkaloids contain N.f 



* The following is an instructive experiment, illustrating the manner of mak- 
ing ink, of removing stains with oxalic acid, and also the relative strength of the 
acids and alkalies. Take a large test-tube, and add the following reagents in 
solution, cautiously^ drop by drop, watching the result and explaining the reac- 
tions : 1, iron sulphate (copperas) ; 2, tannic acid (tannin) ; 8, oxalic acid ; 4, 
sodium carbonate (sal-soda) ; 6, hydrochloric acid (muriatic) ; 6, ammonia 
(hartshorn) ; 7, nitric acid (aqucifortis) ; 8, caustic potash ; 9, sulphuric acid (oU 
fif vitriol). 

t A convenient antidote is tannin, which forms with nearly all of them Insohi- 
ble curdy tannates. Almost any liquid containing it ie of valae—as strong^ 
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Op$um 

extensively 

dnct. Workmen pass along tlic roirs soon aftc 
Bowors have fullcn off, cutting slightly each capsule. 
From thcsG incisions a milky jnico cxndcs and collects iu 
little tears. These are gathered and wrapped in leaves 
for the market. Opium contains six diflerent alkaloids 
in cumbiuation with a single acid. In email doses, opium 
is a sedative medicine ; in larger ones, a narcotic poison. 
Laudanum is the tincture of opium; and paregoric, a 
camphorated tincture flavored with aromatics. 

Opiunt^eating , — Opium produces a powerful infln- 
ence on the nervous system. It stimulates the brain and 
excit«8 the imagination to a wonderful pitch of intensity. 
The dreams of the opium-eater are said to bo vivid and 
fantastic beyond description. The dose must, however, 
be gradually increased to repeat the effect, and the result 
is most disastrous. The nervous system becomes de- 
raoged, and no relief can be secured save by a fresh 
reeort to this baneful drug.* Labor becomes irksome, 

jpcni tea. This is a1»D or qbd u It Icndn lo k«p lb« parleni *w*ke, (be grMt 

■ In Mdip. (be wbole rytlrai becomea la Impragnated wllb It llul cvui largn 
^iliUaual dowi f*ll lu produce )bc dellt'blfal vlTect wblcb ot flnl no fuclmiUid 
Ibe Ttoilm. Tben. whUc combiDing wiib Ilic nm-vos, 11 eet fKa m vsit lunaunl nf 
Tialtij and (brco. but now It bo* patlefled lu«lr. This sublJo ilkilold bu 
workol Ita wij Into Uw Iluum and cuatlnipi of Ibe entire Internal orgxnliiui. Ir. 
raMloKl J. oue mimiiiODi bis vntBebled nUI.KDdcomnimicai Ibe cod flier, ta iffrnj 
0( eniluruicu. TrblcbdeflmiU de«crlp(loii, la before blm. Tbuirbolc budy muH 
btf rvor^nlKed, And, nlom bj fltom. Uie llfo-energy of ibe man umxl drug out of 
Ibe fl*>b and blnod (be fearfbl potion. IT, tou vieak to a(t«iDpt so (errfbln a 
ittnmla, be canlinuca Ibe nee of ibe Ciul rims, ho movca on directlf (o his (klo, 
(be uplam.eatar'a graie. Par^jimic, Undannm, mnrpblne. and Ibe diOieroTit prrp- 
uallimtarnpiani are In BlmoMl every case tolion flr»I a»a Hd.-ilive ft-om pain or 
fUlsBlnit bbor. wKb no Ihooght of beeomliie ■ddtcti'^ !» iheir iiki'. Bn( ao 
liwiautlnE In it thai (ho vtotlm fOrrat Iho habit Pro be I* aware, and knovH he la 
B abra only whan be ■Itcmpla (o ccaae (he ctulomtr]' dose. No paraon can te 
loo eutfulln be|[lBnliig the UM ot • twcoUc wboM Indnenee !■ liable 14 
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ordinary food distasteful, and racking pains torment the 
body. 

J^forphine {Morjyheus, the god of sleep) is one of the 
alkaloid bases of opium, and like it is used to alleviate 
pain and produce sleep. It is usually given as a sulphate 
or chloride. 

Quinine is prepared from Peruvian bark. A tincture 
of the bark, or sulphate of quinia, is employed in medi- 
cine in cases of fever and ague and other periodic dis- 
eases, and also as a tonic. 

Nicotine is the active principle of the tobacco plant, 
of which it forms from 2 to 8 per cent It is volatile, 
and passes off in the smoke. A drop will kill a large dog. 
It probably produces many of the ill effects which follow 
the use of tobacco. 

Strychni?ie is prepared from the nux vomica and the 
St. Ignatius's bean. It is also a constituent of the cele- 
brated upas poison.* " It is so intensely bitter that one 
grain mil impart a flavor to twenty-five gallons of water. 
One-thirtieth of a grain has killed a dog in thirty 
seconds, while half a grain is fatal to man.'' 

The Cliromatic Test, as it is called, consists in plac- 
ing on a clean porcelain plate a drop of the suspected 
liquid, a drop of H2SO4, and a crystal of potassium 
bichromate. Mix the three very slowly with a clean glass 
rod. If there be any strychnine present, it will change 
the color into a beautiful violet tint, passing into a pale 
rose.f 

♦ "The *woorara,' with which the South American Indians poison their 
arrows, is a variety of strychnine. This is so deadly that the scratch of a needle 
dipped in it will produce death ; yet it may be swallowed with impunity. ^^-^ 

MlLLBB. 

t Arsenic was once in fitvor with the poisoner, but Marsh's test inildlibly re- 



THE ORGANIC BASES. 215 

Caffeine a?id TIiei7ie constitute the actiye prin- 
ciple of tea * and coffee, and are isomeric. They crystal- 
lize in long, flexible, silky needles. In addition, tea con- 
tains from 13 to 18 per cent of a form of tannin (see p. 
211, note), about 15 per cent, of a nitrogenous substance 
allied to caseine,t and a volatile oil which gives to it its 
aromatic odor and taste. Coffee contains about 14 per 
cent, of a fixed oil, and also an essential oil which is 
developed in roasting, and is very volatile, so that it 
Trill soon escape unless the coffee be kept tightly cov- 
ered. 

^eals its presence in the body of the victim, even after many years have elapsed. 
^e organic poisons are so easily acted npon by the fluids of the system, that in 
One case, though four grains were taken, and death ensued very quickly, yet the 
'* chromatic test " fiiiled to detect the presence of strychnine in the stomach. 
However, the murderer is not to escape. This is the only poison except brucite 
(%nd that also is extracted from nux vomica) that produces tetanus or lock-jaw. 
^his symptom proves to the physician that death has been caused by this alka- 
loid. To exliibit the efiiect of the poison a ftog may be brought into the court- 
X'ooiii and made to show its action. So sensitive is this little animal, that a few 
^rops of oil containing only a hundred-thousandth of a grain of strychnine will 
Instantly throw it into a rigid locked-jaw, in which it is incapable of the least 
motion. 

♦ TVo^raWfifl'.— Tea-plants resemble in some respects the low whortleberry 
'bnsta. They are raised in rows, three to Ave in a hill, very much as com is with 
us, but they are not allowed to grow over one and a half feet high. The medium- 
sized leaves are picked by hand, the largest ones being left to favor the growth 
of the bushes. Each little hill or clump will furnish from three to five ounces of 
green leaves, or about one ounce of tea, in the course of the season. The leaves 
are first wilt^ in the sun, then trodden in baskets by barefooted men to break 
the stems, next rolled by the hands into a spiral bhapo, then left in a heap to heat 
again, and finally dried for the market. ThiH conntitutcH BJcKk Tea, and the 
color would bd produced in any leaves left thus to wilt and heat in heaps in the 
open air. The ChiLCse always drink this kind of tea. They use no milk or 
sugar, and prepare it, not by steeping, but by pouring hot water on the tea and 
allowing it to stand for a few minutes. Whenever a friend calls on a Chinaman, 
common politeness requires that a cup of tea be immediately offered him. 

Green Tea is prepared like black, except that it is not allowed to wilt or heat, 
and is quickly dried over a fire. It is also very frequently, if not alwayp, colored 
—cheap black teas and leaves of other plants being added in large quantities. In 
this country, damaged teas and the " grounds " left at hotels are re-rolled, hifj;hly 
colored, packed in old tea-chests, and sent out as new teas. Certain varieties of 
black tea even receive a coating of black-lead to make them shiny. 

t This is lost in the *' grounds.^* The Japanese, however, eat the tea-leaves, 
and wo eaye this nutritive part. 
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ORGANIC COLORING PRINCIPLES. 

The organic coloring principles are generally of vege- 
table origin. They are found in the roots, wood, bark, 
flowers, and seeds of plants. 

Eyeing . — Very few of the colors have such an aflBln- 
ity for the fibres of the cloth that they will not wash out 
Those which, Hke indigo, will dye directly, are called sub- 
stantive colors. But the majority are adjective colors 
which require a third substance having an attraction for 
both the coloring matter and the cloth, to hold them to- 
gether. Such substances are called mordants {mordeo, to 
bite), because they bind the dye in the cloth, thus making 
a " fast color." The most common mordants are alum, 
tin oxide, and copperas. In dyeing, the cloth is first 
dipped into a solution of the mordant, and then into one 
of the dye-stuff. The mordant, by means of a stamp, 
may be applied to the cloth in the form of a pattern, and 
when it is afterward washed, the color wiU be removed 
except where the mordant fixed it in the printed figure. 
The same dye will produce different colors by a change 
of mordants. — Example : Madder with iron gives a fine 
purple ; with alum, a pink ; and with iron and alum, a 
chocolate. This principle lies at the basis of dyeing 

"prints."* 

• 

♦ A calico-printing machine is very complex. The cloth passes between a 
series of rollers, upon which the corresponding mordant is pat, as ink is on type. 
A single machine sometimes prints fbom twenty sets of rollers ; yet each im< 
pression follows the other so accurately, that when the cloth has passed through, 
the entire pattern is printed upon it with the different mordants more perfectly 
thaa any painter could do it, and so rapidly that a mUe of cloth has been printed 
with four mordants in an hour. The cloth when it leaves the printing machine, 
though stamped with the mordants in the form of the figure, betrays nothing of 
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Cotoring Substances .—MaMer is the root of a plant 
found in the East, and extensiyely cultivated elsewhere. 
When first dug it is yellow, but by exposure it absorbs 
and becomes red. It is used in dyeing the brilliant Turkey- 
red. The coloring principle, which is named alizarine^ is 
said to be identical with that derived from anthracene, a 
hydrocarbon found in coal-tar (see p. 208). Cocliineal is a 
dried insect that in life feeds upon a species of cactus 
in Central America. The coloring matter is called Car- 
mine. It yields the brightest crimson and purple dyes.* 
Brazil-wood furnishes a red which is not very permanent. 
It is used for making red ink. The indigo of commerce 
is obtained from a bushy plant found in the East 
Indies. By fermenting for some days in vats of water, 
the coloring matter is developed. Reducing agents 
change indigo into a soluble and colorless substance by 
the absorption of H.f It is then called "white indigo." 
In this form it is extensively used in dyeing. The cloth 
becomes permanently colored on exposure to the air, when 
the insoluble blue indigo is formed in its fibres. Logwood 
is so named because imported in logs. It is the heart 
of a South and Central American tree. With a mordant 
of alum it dyes black. Litmus is obtained from a 
variety of lichens common along the southern coast of 



the real design until after being dipped in the dye, which acting on the different 
mordants brings out the desired colors. The print is now washed, glazed, and 
fitted for the market 

• The purple of which we read in ancient writings was a secret with the 
Tyrians. King Huram, we learn, sent a workman to Solomon skilled in this 
art The dye was obtained from a shell-flsh that was found on the coast of 
Phosnicia. Each animal yielded a tiny drop of the precious liquid. ** A yard of 
cloth dipped twice in this costly dye was worth $150." 

t Dissolve a little indigo in strong H.S0«. Color a test-tube of H,0 with the 
solntiOD. Add a drop of HNO„ and on gently heating, the color will disap- 
pear. 

10 



I 



218 ORGANIC CHEMISTRY. 

Europe. Its juice is colorless, but on the addition of 
H3N it assumes a rich purple blue. Leaf-green (chloro- 
phyll), as found in plants, is a resinous substance con- 
taining several coloring matters. It seems to be devel- 
oped by the action of the sunbeam. Plants removed from 
a dark cellar to the sunlight rapidly turn green. 



THE OILS AND FATS. 

The oils and fats are derived from both the vegetable 
and the animal kingdom. They are divided into two 
classes— ^xerf and volatile. The former make soaps, the 
latter do not. The former, when heated above 500°, give 
off acrid and offensive vapors ; * the latter may be distilled 
without alteration.! 

1. THE FIXED OILS. 

Composition. — The fatty bodies are salts, bein^- 
composed of stearin, pahnitin, and olein.X These consist 
of three acids, stearic, palmitic, and oleic, combined with 
a common base — glycerin. 

The first two of these salts are solids at common 
temperatures, and form fats ; the last is a liquid, and 
forms oils. The relative proportion of olein contained 

* At a higher temperature they are decompoeed, and among the prodncts is an 
acrid Bob^tance {acrolein) with which we are &miliar in the disagreeable smell 
of a smouldering candle-wick and in burning fot 

t " The former produce a permanent stain on paper, the latter do not. A cork 
twisted into the neck of a bottle containing a fixed oil makes no noise ; in a 
volatile oil it squeaks/* 

X Stearin, from stear, suet ; palmitin, since it is abundant in palm oil : dein, 
trom oUutriy oil ; glycerin, from glukeroe^ sweet. 
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in any fatty substance determines its fluidity. — Example : 
Stearin is abundant in tallow, and palmitin in butter; 
hence their comparative consistency. Lard, on the other 
hand, contains so much olein that it is expressed as 
"lard-oiL" Olive-oil contains much olein and palmitin; 
the former remains fluid at ordinary temperatures, but 
the latter, in cold weather, hardens into a thick deposit, 
and renders the oil viscid. 

Glycerin (C3H8O3) is an odorless, transparent syrup. 
It is soluble in H2O and alcohol. On account of its 
healing properties its use is common in dressing wounds, 
insect bites, chapped hands, etc. 

By the action of HNO3 ^^^ H2SO4 glycerin is con- 
verted into nitro-glyceriyi [C3H5(N02)303], an oil that 
often explodes with fearful violence by a slight concussion. 
Dynamite, used in blasting, is powdered silex, or infusorial 
earth {Geology, p. 48), saturated with glyceriu. 

Soap. — If sweet-oil and H2O be placed in a test-tube 
and shaken, they will mix but not unite ; for on standing, 
the oil will rise to the top. Add, however, caustic potash 
or a little "lye" (see p. 128), when, on heating, a clear, 
soapy solution will be formed. The K of the alkali has 
combined with the oleic and palmitic acids of the oil, 
making two new salts — potassium oleate and jiotassium 
palmitate ; while the expelled glycerin remains floating 
in the liquid. 

The manufacture of soap is based on this principle. A 
variation in the alkaline base and the fat or oil used, pro- « 
duces the different kinds of soap. Potash, on account of 
its affinity for H2O, forms soft-soap. Soda* is not deli- 

* A dcliqneecent Bubstance is one tbat disBolves in H^O, which it absorbfl 
from the air. 
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quescent, and hence makes hard-soap.* Lard forms » 
softer soap than tallow. Castile soap is made from olife 
oil and soda. Its mottled appearance is due to the 
coloring matter which is stirred through it while it is 
yet soft Home-rnade soap is prepared by boiling " lye " 
and *^ grease."t -^.s the latter contains ssuch a variety 
of fatty substances the soap generally consists of the 
three salts — ^potassium oleate, palmitate, and stearate. 
Yellow soap contains some resin in place of fat Cocoa- 
nut-oil makes a soap which will dissolve in salt water, 
as it contains an excess of alkali. Soap-balls are made 
by dissolving soap in a very little water, and then work- 
ing it with starch to a proper consistency to be shaped 
into balls. White toilet-soaps are made from lard and 
soda. The curdling of soap in hard water is caused by 
the formation of a calcium or a magnesium soap which 
is insoluble in H2O, and floats on the top as a greasy 
scum.J 

27ie Cleansing Qualities of Soap. — There ex- 
udes constantly from the pores of the skin an oily per- 
spiration, and this catching the floating dust dries into a 
film which will not dissolve in H2O. The alkali of the 
soap combines with this oily substance and makes a solu- 
ble soap. In addition, the alkali also dissolves the cuticle 
of the skin, and thus produces the " soapy feeling," as we 
term it, when we handle soap. 

* Soap is fVeqnenlly adulterated with gypsum, lime, pipe-clay, or eodinm 
silicate. These may be detected by disBolving a piece of the soap in water or 
alcohol, and noticing if there be any precipitate. 

t The heat hastens the chemical change, which takes place more slowly in 
making what is known as ^^ cold soap/^ 

X A soap made from lard, in water containing calcium carbonate, would un- 
dergo the following reaction : Potassium oleate -i- calcium carbonate = calciiun 
oleate -(- potassium carbona^. 
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Saponification (sapo, soap ; facere, to make) is the 
process of separating the fatty acids and glycerin, and is 
80 named even when no soap is formed. One method is 
as follows : Tallow or lard is boiled with lime, and thus 
made into a calcium soap. This is decomposed by H2SO4, 
forming calcium sulphate, which, being insoluble, sinks 
to the bottom, leaving the three acids of the fat floating 
upon the surface.* The glycerin is also left by itself in 
the liquid, from whence it is removed and prepared for 
the market. The acids, when cool, are subjected to great 
pressure ; the oleic flows out, leaving the stearic and pal- 
mitic acids as a milk-white, odorless, tasteless solid, which 
is commonly called stearin, and extensively used in the 
manufacture of stearin or adamantine ca7idles,\ 

IVax is found in nearly all plants. It forms the shiny 
coating of the leaves and fruit. — Example : Lemon leaf, 
apple. Certain plants in Japan contain so much wax 
that it is separated by boiling and used for making can- 
dles. Bees, even when fed on sugar alone, have the 
power of converting it into wax, which is therefore to be 
regarded as an animal secretion. — Milleb. Beeswax is 
bleached by exposure to the air in thin ribbons. 

Z/inseed Oil is a drying oil, as it is termed~t. c, it 

* Fat ifl also decomposed by tbe action of enperheated Bteam, which at once 
liberates the fittty acids. 

t Faraffi'M candles are made from coal-oil. Wax candles are manufactured by 
the following; process : A large nnmber of cotton wicks are hung upon a reyolv- 
ing fhune with projecting arms. The wicks arc fitted at the ends with metal 
tags to keep the wax (h)m covering that part As the machine slowly turns, a 
man, standing ready with a vessel of melted wax, carefhlly pours a little upon 
each wick in succession. This process is repeated untU the candles reach the 
desired size. They are then rolled on a smooth stone slab, the tops cut by 
conical tubes, and the bottoms trimmed, when they are ready for use. The large 
tapers burned in Catholic cathedrals are made by placing the wick on a sheet of 
wax, rolling it up till the right thickness is reached, when the candle is trimmed 
and polished as before. Bpemuiceti candles are run ttom the white, crystiUine, 
solid tax which is found with sperm oil in the head of the sperm whale. 
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absorbs from the air,* and hardens by exposure. It is 
expressed from flaxseed, which furnishes about one-fifth 
of its weight in oil. Boiled oil is made by heating the 
crude oil with litharge, which entirely dissolves and 
greatly increases the drying property of the oiL Linseed 
oil is used in mixing paints and varnishes. Putty con- 
sists of linseed oil and whiting well mixed. Printers^ ink 
is made by heating linseed oil until it becomes thick and 
viscid, when lampblack is added to give it the proper 
consistency. 

Cod-liver Oil is extracted from the liver of the cod- 
fish. It contains I, Br, and P, and is much used as a 
remedy in consumption. 

Croton Oil is made from the seeds of an Indian 
plant ; it is a powerful medicinal agent. 

Castor Oil is extracted from the castor-oil bean. It 
is used in medicine, and also in perfumery and hair-oils. 

Sweet or Olive Oil is expressed from the olive fruit 
It is an unctuous oil, i. e,, it absorbs on exposure to the 
air — not hardening like the drying oils, but remaining 
sticky, and after a time becoming rancid.f In the south- 
em part of Europe, olive-oil is extensively used as an 
article of food. 

2. THE VOLATILE OILS. 

The volatile oils, unlike the fixed, make no soaps, and 

* This absorption of O is sometimes so rapid as to be attended by snfflcicn 
beat to occasion the mass to take fire ; and several serious conflagrations bav 
been traced to ench spontaneous combustion. (See p. 93.) 

t This change is attended by a slight absorption of O, and appears to be dt 
to the decomposition of certain mucilaginous and albuminous matters, whic 
during their decay, react on the fttt, setting Aree the fotty acids, and decompoei 
the glycerin. Perfectly pure fats and oils do not become rancid. 
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dissolye readily in alcohol or ether. Their solution in 
alcohol forms an essence. 

Sources. — The volatile or essential oils are of vegetable 
origin. They are found in the petals of a flower, as the 
violet ; in the seed, as caraway ; in the leaves, as mint, 
or in the root, as sassafras. Sometimes several kinds of 
oil are obtained from different parts of the same plant. — 
Example : In the orange tree, the flower, leaves, and rind 
of the fruit furnish each its own variety. The perfume 
of flowers is produced by these volatile oils; but how 
shght a quantity is present may be inferred from the 
statement that " one hundred pounds of fresh roses will 
give scarcely a quarter of an ounce of Attar of Eoses." 

Preparation. — In the peppermint, the wintergreen, and 
many others, the plant is distilled with water. The oils 
pass over with the steam, and are condensed in a refrig- 
erator connected with the " Mint Still.^' The oil floats 
on the surface of the condensed water, and may be 
removed. A small portion, however, remains mingled 
with the latter, which thus acquires its peculiar taste and 
odor, constituting what is termed a " perfumed water." 
In some flowers, as the violet, jasmine, etc., the perfume 
is too delicate to be collected in this manner. They are 
therefore laid between woollen cloths saturated with 
some fixed oil. This absorbs the essential oil, which is 
then dissolved by alcohol. The oil of lemon or orange is 
obtained from the rind of the fruit by expression or by 
digesting in alcohol. 

Composition. — C|oH|6 is the common symbol of a large 
number of these oils. Thus the oils of lemon, cloves, 
juniper, birch, black pepper, ginger, bergamot, turpen- 
tine, cubebs, oranges, etc., nearly twenty in all, are iso- 
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meric. They are pure hydrocarbons. A second class 
contains 0, and a third S. 

M7'sl a ass of YotaHle Oi'/s.^-The oil of tur- 
pentine (CioHie) is a type of this division. It is made by 
distilling pitch with HgO. It is generally called spirits 
of turpeiitine. It is highly inflammable, and, omng to 
the excess of C, bums with a groat smoke. By the union 
of two atoms of its H with an atom of the of the air to 
form HgO, it is converted into rosin.* Camphsne is tur- 
pentine purified by repeated distillation. Burning-fluid 
is a mixture of camphene and alcohol. In the heat of 
the burning H of the latter, the C of the former is con- 
sumed, and this produces a bright light. The tendency 
of camphene to smoke is thus diminished, and the illu- 
minating power increased. By the action of HCl on tur- 
pentine or oil of lemons an artificial camphor is produced 
which much resembles common camphor. 

The Second Class includes camphor, the oils of 
bitter almonds, cinnamon, spearmint, vrintergreen, etc. 
Camphor (CioHigO) is obtained by distilling the roots and 
leaves of the camphor-tree with water, and condensing 
the vapors on rice-straw. It is purified by sublimation. 
When kept in a bottle, it vaporizes, and its delicate crys- 
tals collect on the side toward the ligbt Taken inter- 
nally, except in small doses, it is a virulent poison. Its 
solution in alcohol is called " spirits of camphor." If HgO 
be added to this, the camphor will be precipitated as a 
flour-like powder.f 

* Li this way, the turpentine around the nozzle of a bottle in which it is 
kept becomes first sticky and then resinous. Old oil should not be taken to 
remove grease spots, as, while it will remove one, it will leave another of its 
own, 

t Though camphor gum is powdered with difficulty, a few drops of akohol will 
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jThe 27nrd Class includes garlic, assafoetida, onions, 
mustard, horse-radish,* etc. They are known for theii 
pungent taste and the disagreeable odor they often im- 
part to the breath.f 



THE RESINS AND BALSAMS. 

The resins are generally formed from the essential oils 
by a slow oxidation. — Example : Tui'pentine, as we 
have just seen, is changed to rosin, a resinous substance. 
If the resin is dissolved in some essential oil, it is called a 
balsam. — Example : Pitch is a true balsam, since by dis- 
tillation it is separated into rosin and turpentine. They 
generally exude from incisions in trees and shrubs, in the 
form of a balsam, which oxidizes on exposure to the air, 
and becomes a resin. — Example: Spruce gum. The 
resins are translucent or transparent, brittle, insoluble in 
HgO, but soluble in ether, alcohol, or any volatile oil, and 
form varnishes. They are non-conductors of electricity, 
and bum with much smoke. They do not decay, and, 
indeed, have the power of preserving other substances-J 

IRosin constitutes about 75 per cent, of pitchy a resin- 
ous substance which exudes from incisions made in the 

remove an trouble. When email particleB of powdered camphor are thrown on 
water free from grease, each fragment begins to dissolve with a remarkable gyra- 
tory motion, whlck is instantly checked by a drop of an essential oil allowed to 
fall npon the surface of the liquid. 

♦ The essential oil of garlic, onions, etc., is the sulphide of allyl, a radical hav- 
ing the formula CaH, ; the oil of horse-radish is the sulpho-cyanide of ullyl. 

t The oil of mustard is not contained in the seed, but is formed in it by the 
action of water and a latent ferment. This is the reason why mustard, when 
first prepared for the table, is bitter, but becomes pungent after a little time. 

% For this reason they were used in embalming the bodies of the ancient 
BfiryptianB, which, after the lapse of two thousand years, are yet found dried into 
mummies in their mammoth tombs — the Pyramids. 
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trunks of certain species of pine. It is used in making 
soaps, to increase friction in violin-bows and the cords 
of clock-weights, and in soldering. 

2/ac exudes from the ficus-tree of the East Indies. 
An insect punctures the bark, and the juice flows out 
over the insect, which works it into cells in which tg 
deposit its eggs. The dried gum incrusting the twigs is 
called stick-lac; when removed from the wood, seed-lac; 
when melted and strained, shellac. The liquefied resin 
is dropped upon large leaves, and so cools in broad, thin 
pieces. Sealing-wax is made of shellac and Venice tur- 
pentine; vermilion being added to give the red color. 
Shellac is much used in making varnishes. 

Gum Senzoin also exudes from a tree in the East 
Indies. It is the principal source of benzoic acid. It is 
used in fumigation and in cosmetics, and on account of 
its fragrant odor is burnt as incense.* 

Amber is a fossil resin which has exuded in some 
past age of the world's history from trees now extinct. 
It is sometimes found containing various insects perfectly 
preserved, which were without doubt entangled in the 
mass while it was yet soft. These are so beautifully 
embalmed in this transparent glass that they give us a 
good idea of the insect life of that age. Amber is cast 
up by the sea, principally along the shores of the Baltic ; 
although it is also found in beds of lignite. It is com- 
monly translucent, and susceptible of a high polish. It 
is used for ornaments, mouth-pieces, neckla<>es, buttons, 
etc. ; and is an ingredient of carriage vai^nish. 

♦ Place Bome green pprlga under a glass receiver, and at the "bottom a hot iron, 
on which sprinkle a little benzoic acid. It will sublime and collect in beaatiftally 
delicate crystals on the green leaves above, making a perfect illustrfttion of wio- 
ter flx)st-work. 
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Caovlcfiouc or India-rubber (a^CsHg) is a mix- 
ture of several hydrocarbons. It exudes from certain 
trees in South America as a milky juice.* The solvents 
of rubber are ether, naphtha, turpentine, chloroform, bi- 
sulphide of carbon, etc. It melts, but does not become 
solid on cooling. Freshly-cut surfaces readily cohere : 
this property, together with its power of resisting most 
reagents, renders it invaluable to the chemist in making 
flexible joints and tubes. " It loses its elastic power when 
stretched for a long time, but recovers it on being heated. 
In the manufacture of rubber goods for suspenders, etc., 
the rubber thread is drawn over bobbins and left for some 
days until it becomes inelastic. In this state it is woven, 
after which a hot wheel is rolled over the cloth to restore 
the elasticity." 

y'utca7iized Utibber is made by heating caoutchouc 
with a small amount of sulphur. This constituted Good- 
year's original patenif It is less liable to be hardened 

♦ The globules of rubber are suspended in it as butter is in milk. By adding 
HsN the sap may be kept unchanged for months, and is sometimes exported iu 
that form preserved in tightly corked bottles. The tree, it is said, yields about 
a gill per day fh>m each incision made. A little clay cup is placed underneath, 
from which the juice is collected and poured over clay or wooden patterns in 
successive layers as it dries. To hasten the process it is carried on over large 
open fires, the smoke of which gives to the rubber its black color ; when pure it 
is almost white. When nearly hard, the rubber will receive any fancifhl design 
which may be marked upon it with a pointed stick. The natives often form the 
clay into odd shapes, as bottles, images, etc., and the rubber is sometimes ox- 
ported in these uncouth forms. 

t Mr. Goodyear had been experimenting to find some way of rendering rubber 
insensible to heat and cold. It is said that one day, while talking with a friend, 
he happened to drop a bit of S in a pot of melted rubber. By one of those happy 
intuitions which seem to come only to men of genius, he watched the process, 
and to his amazement fotmd that while the appearance of the rubber was the 
same — clastic, odoroup, and taptelesp — its ptiokinces was gone, and it had gained 
the properties he so much desired. He immediately took out a patent in this 
country and sailed for England, where, instead of securing his secret by a simi- 
lar patent, he offered to sell it for £10,000. Charles Hancock, with whom he had 
been corresponding for several years, and who had been engaged in similar 
experimentijig, resolved to discover it himself. He shut himself up in his labo 
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by cold or softened by heat, and admits of many uses to 
which common rubber would be entirely unsuited. If 
sulphurized rubber be heated to a high temperature it 
becomes a hard, brittle, black solid, capable of a high 
pohsh, which is used for knife-handles, combs, buttons, 
etc. 

Gutta-percha (C20H32) resembles caoutchouc in its 
source, preparation, and appearance. It softens in warm 
water, and can then be moulded like wax. When cooled 
it assumes its original solidity. It is extensively used 
in taking impressions of medals, etc. 



THE ALBUMINOUS BODIES. 

These are albumen, casein, gelatin, and fibrin. Owing 
to the complexity of their composition, no satisfactory 
formula can be assigned to them. The molecule of albu- 
men has been stated as C72H||oN|8S022> ^^^ i* is very 
uncertain.* 

Albumen is found nearly pure in the whites of eggs \ 
— hence the name {albus, white). It exists in two amor- 
phous conditions — as a liquid in the sap of plants, the 
humors of the eye, serum of the blood, etc. ; and as a 

ratory and went to work. Disheartening fkilnres marked every attempt At 
last he tried S. At first, he did not succeed ; but, persevering, he finally saw, 
amid the stifling fames of brimstone, the soft rubber metamorphosed into the 
vulcanized caoutchouc. He, too, was possessed of the secret, and, taking out a 
patent, reaped the reward of his patient labor. 

♦ Many chemists regard albumen, casein, fibrin, etc, as chemically identical 
and capable of being converted by the vital force one into the other. These 
bodies are sometimes called Protein (protos^ first) on the supposition that they 
were derived fi*om a single azotized principle named protein. 

t strange to say, ** the venom of the rattlesnake is isomeric with the *irtiite0 
1 1 eggs.* " 
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solid in the seeds of plants^ and the nerves and brains of 
animals.'*' 

Properties. — It is soluble in cold, but insoluble in hot 
H2O. At a temperature of aboufc 140° F. it coagulates. 
This change we always see in the cooking of eggs; yet| 
nothing is known of its cause. Alcohol, corrosive subli- 
mate, acids, creosote, and solutions of copper, lead, silver, 
etc, have the power to coagulate albumen. In cases of 
poisoning by these substances, the white of eggs is there- 
fore a valuable antidote, as it wraps them in an insoluble 
covering, and so protects the stomach. 

Casein {caseusy cheese) is found in the curd of milk. 
In the presence of an acid it coagulates, and thus milk 
curdles after it sours. Eennet (the dried stomach of a 
calf) is used to coagulate milk in the process of cheese- 
making, but the cause of its action is not understood. 

Milk is a natural emulsion, composed of exceedingly 
minute globules diffused through a transparent liquid. 
The globules consist of a thin envelope of casein filled 
with butter. Being a trifle lighter than HgO, they rise 
to the surface as cream. Churning breaks these cover- 
ings, and gathers the butter into a ^. ^^ 
mass. Milk contains some sugar, ^g^,^ o 
which by a peculiar change termed ^^J^ ^ & ^% c 
" lactic fermentation " is converted 9 ^ O ® R> ^ 
into lactic acid. The casein seems to ^^^ 
act as a ferment in hastening this <P% 
oxidation, and by its decay produces v^^^ (^ *8b^ 

the offensive odor. In the " sour- mik under Ou Microscope. 

• TUB principle iB of very great importance, as albumen may thns bo carried 
by the blood through the ayBtem, but when once deposited it cannot be dissolved 
and washed away again. 
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ing '' of milk there is no extrication of gas and no absorp- 
tion of 0. The milk-sugar (C12H24O12) disappears and 
lactic acid (CaH^Oa) gradually takes its place. It is an 
excellent illustration of a complex molecule breaking up 
into simple ones. 

Gelatin. — Hot water dissolves a substance from ani- 
mal membranes^ skin^ tendons, and bones,'" which, on 
cooling, forms a yielding, tremulous mass called gelatin. 
In calves-foot jelly, soups, etc., it is well known.t Glue 
is a gelatin made from bones, hoofs, horns, etc., by boil- 
ing in H2O and then evaporating the solution. Isinglass 
is a very pure gelatin, obtained from the air-bladders of 
the cod, sturgeon, and other fish. Size is a gelatin pre- 
pared from the parings of parchment. It is used for 
sizing oaper in order to fill up the pores and prevent the 
ink from spreading, as it does on unsized or blotting- 
paper. 

JHbrin constitutes chiefly the fibrous portion of the 

* Bcfnes conslist of organic and mineral matter combined. 

Gelatin 82.17 

Blood-ye»Bel8 1.13 

Phosphate of lime 61.04 

Carbonate of lime 11.80 

Fluoride of calciam 3.00 

Phosphate of magnesia 1.16 

CM>ride of sodium 1.30 

100.00 

By soaking a bone in HCl the mineral matter will all bo dissolved, and 
organic matter left in the original shape of the bone, but soft and pliable 
instead, the bone be burned in the fire, the organic matter will be remover 
the mineral left white and porous. (See PhyaMogy^ p. 30.) 

t As an article of food it is of very little nutritive value. It may ansi 
dilute a stronger diet, but of itself does little to build up the body of an i 
Beef-tea, even, is now thought to have little nourishing propcB^y, its pr 
office being to act as a stimulant. 
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muscles. If a piece of lean . ^' 7*- 

beef be washed in clean HgO 
until all the red color disap- 
pears, the mass of white tis- 
sue which will remain is 
csS\QA.fihriiu Like albumen, 
it exists in two forms — ^as a 
Ik^uid in the blood, and a^ a -^^^ ^^ ^^ 

soli^ in the flesh. The clot- 
ting of blood is due to the coagulation of the fibnn. 
(See Ph^ologj/y p. 108.) 

Vegetable Aibumt9iotds . — ^Vegetables contain sub- 
stances which are scarcely to be distinguished from the 
albuminous bodies derived from animal sources. If wheat 
flour be made into a dough, and then kneaded in water 
until the soluble portion is washed away, the tough, 
sticky mass which will remain is called gluten. It is a 
nitrogenous substance, allied to albumen. It exists most 
abundantly in the bran of cereal grains. 

By treating peas as we do potatoes in forming starch, 
and then adding a little acid to the water which is left 
after the starch settles, an albuminous substance is depos- 
ited, which is thought to be identical with casein. The 
Chinese use it largely for cheese. It is found abundantly 
in the seeds of peas, beans, etc., and is termed legumin. 

^itre faction . — Owing to the complex structure of 
albuminous substances, and the presence of N, they read- 
ily oxidize and form new and simple compounds. This 
breaking up of the organic structure is called putrefac- 
tion. Any albuminous substance thus putrefying may 
act as a ferment This probably explains the danger 
physicians incur in dissecting a dead body. The least 
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portion of the decomposing matter entering the flesh, 
through a scratch even, is liable to be fataL The absence 
of H2O retards chemical change, and therefore, meats, 
apples, etc., are preserved by drying.* Salt acts by hard- 
ening the albumen, by absorbing the juice of the meat, 
and by covering as brine and so wafding oflF the attacking 
; but as it dissolves some of the salts and other valuable 
elements, it makes the meat less nutritious. 



DOMESTIC CHEMISTRY. 

In the chemistry of housekeeping there are some 
points not yet mentioned, which may now be profitably 
discussed. 

M^aking Sread. — Flour consists of gluten, starch, 
and a little dextrine and sugar. 

The oily matter and the salts — of which there are from 
one to two per cent, in wheat — are contained mainly in 
the bran. The process of mixing the "sponge*' is purely 
mechanical. When the sponge is set in a warm place to 
rise (as heat favors chemical change), the yeast, yeast- 
cake, or emptyings,! as the case may be, induce a rapid 

* The cold also protect? ft'om chemical change. The bodies of mammoths 
have been found in the frozen poil of the Arctic regions bo perfectly pre8er\'ed 
that the dogs ate the flesh. How long the animals had been there we cannot tell, 
bat certainly for ages. In 1861 the mangled remains of three guides were found 
at the foot of the Glacier de Boisson, in Switzerland. They had been lost in an 
avalanche on the platean of Mont Blanc, forty-one years before. 

t Milk-emptyings are sometimes used in making bread. In this cane, the 
mixture of flour and milk, kept at a temperature of about " blood heat," rapidly 
develops yeast, which produces fermentation. If the heat is much above this, 
the plant will be killed, and the milk be merely turned to lactic acid. Often- 
timen, too, the side of the dish, near the fire, may be warm enough to produce 
yeast and to generate CO, and alcohol, while on the opposite side lactic acid 
is being formed. A uniform temperature is necessary, and this can best be ob- 
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fermentation, converting the sugar into alcohol and CO 2. 
This gas is diflFused through the mass, and, being retained 
by the tenacious dough, causes it to "rise," /. e,, to swell 
and become porous. The next step includes the addition 
of flour, and a laborious process of " kneading." The lat- 
ter diffuses the half-fermented sponge through the dough ; 
it also breaks up into smaller ones the bubbles of gas 
entangled in the gluten, and makes the bread fine-grained. 
After a second rising, the dough is moulded into loaves, 
which are set aside to perfect the fermentation. When they 
are finally placed in the oven, the heat expands the CO2, 
and increases the porosity of the bread ; the starch 
granules are broken up ; and the alcohol is vaporized, 
and, with a part of the H2O, driven off. The surface be- 
comes dry and hard, and, losing a part of its chemically 
combined water, is partially converted into a substance 
allied to caramel, thus forming the crust.* If the tem- 
perature of the oven is right, the cells of the bread will 
have sufficient strength to retain their form after the gas 
and vapors have escaped. If the heat is not sufficient, or 
if there is too much water in the dough, the CO2 escapes, 
the cells, not being sufficiently hardened, collapse, and 
the bread is " slack-baked." If the oven is too hot, the 
crust forms too quickly over the surface of the loaf, pre- 
venting the escape of the CO2, which accumulates at the 
centre, making the loaf hollow. 

Stale Sread. — New bread consists of nearly one- 
half water. In stale bread this disappears. It has, how- 

talned by placing the dish of emptyings in a kettle of wanii water on the stove 
hearth. 

• A shiny coat is piven to the loaf (" rnsk ") by moistening the crust after the 
bread ia bakrd, thus dissolving some of the dextrine, which is also contained in 
thfi cnut. lliis quickly dries on returning it to the oven. 
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ever, only chemically combined with the solid portions, 
and may be brought to view by heating the loaf in a close 
tin vessel. 

Aerated Sread is made in the following manner : 
Flour and salt are put in a revolving copper globe, into 
which H2O charged with CO 2 is admitted. When well 
mixed, a stop-cock is turned and the dough is driven out, 
by the elastic force of the gas, into pans ready for 
baking. 

Sour Sread results from a neglect to arrest the first 
stage of the fermentation, thus allowing the second stage 
to commence and acetic acid to be formed. The acid is 
neutralized by an alkali, as saleratus, or soda. 

Griddle-cakes are raised by the addition of some 
ferment, as yeast; but the second, or acetic stage, is 
always reached. The " batter " then tastes sour, and is 
sweetened by saleratus or soda. The acetic acid combines 
with the metallic base, forming a harmless salt which 
remains, while the CO2 bubbles up through the batter, 
making it " light." 

liaising Siscuit. — In raising biscuit or cake, soda 
and cream of tartar * are most commonly used. The 
CO2 is set free, and, escaping as a gas, makes the dough 
porous, while the sodium and potassium tartrate (Rochelle 
salt) which is left is a simple salt. Ordinary ** baking- 
powders " are merely cream of tartar and soda. A variety 
invented by Prof. Horsford contains acid calcium phos- 
phate (see note, p. 140); this reacting upon the "soda" 
forms calcium and sodium phosphates, both of which are 



* CFeam of tartar is often adnltcratcd with plaster, lime, chalk, or flour. By 
disBolvinj^ in water, these impurities can be detected, as they form an insohible 
precipitate ; hat in milk as commonly used in cooking, they are not noticed. . 
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materials for bone-making.'*' Soda and HCl are also used 
in baking. By heat both constituents are resolved into 
H2O, CO2, and NaCl. The HgO and CO2 raise the bread, 
while the common salt seasons it. There is a difficulty 
in procuring pure acid and in mixing the ingredients in 
their combining proportions. Sal-volatile (ammonium 
sesquicarbonate, p. 135) is often used by bakers for raising 
cake. This should volatilize into two gases, H3N and 
C02> on the application of heat, but in practice a portion 
is commonly left hidden in the cake, and maybe detected 
by the odor. Alum is often employed by bakers to 
whiten bread and render the gluten of inferior flour 
more tenacious. 

Toasting Sread. — By toasting, bread becomes 
much more digestible, as the starch is converted largely 
into dextrine, which is soluble. The charcoal which may 
be formed when the heat has disorganized the bread and 
driven ofiE the water, also acts favorably on the stomach 
by absorbing in its pores noxious gases, as in " crust- 
coflEee." 

Cooking fP^tatoes. — A raw potato is indigestible, 
but by cooking, the starch granules absorb the water of 
the potato, burst, and make it " mealy." If the potato 
contains more H2O than the starch can imbibe, it is called 
" watery." 



* It is doabtftil whether ordinary yeast-powders or cream of tartar and soda 
make as healthfnlfoodasthe regular process of fermentation. There is tte- 
qnently a portion of the powders left iincombined, and always a salt formed 
which may perhaps interfere with the action of the gastric juice. Sometimes, 
indeed, we find biscuit and cake yellow, and oven spotted with bits of saleratus ; 
yet, through a Mse economy, such food is too often ** eaten to save it." 
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PRACTICAL QUESTIONS. 

1. How would you prove the presence of tannin in tea? 

2. How would you test for Fe in a solution ? 

3. Why can we settle coffee with an egg ? 

4. How would you show the presence of starch in a potato? 

5. Why is starch stored in the seed of a plant ? 

6. Why are unbleached cotton goods dark-colored ? 

7. Why do beans, rice, etc., swell when cooked? 

8. Why does decaying wood darken? 

9. Why does smoke cure hams ? 

10. How would you show that C exists in sugar ? 

11. Why do fruits lose their sweetness when over-ripe ? 

12. Why does maple-sap lose its sweetness when the leaf starts) 

13. Should yeast cakes be allowed to freeze ? 

14. Why will wine sour if the bottle be not well corked ? 

15. Why can vinegar be made from sweetened water and brown 
paper? 

16. Why should the vinegar-barrel be kept in a warm place ? 

17. Why does ** scalding " check the " working " of preserves ? 

18. Is the oxalic acid in the pie-plant poisonous ? 

19. How may ink-stains be removed ? » 

20. Why is leather black on only one side ? 

21. Why do drops of tea stain a knife-blade ? 

22. Why will not coffee stain it in the same way ? 

23. Why does writing-fluid darken on exposure to the air ? 

24. What causes the disagreeable smell of a smoldering wick ? 

25. Wliy does ink corrode steel pens ? 

26. How does a bird obtain the CaCOa for its egg shells? 

27. Why will tallow make a harder soap than lard ? 

28. Wliy does new soap act on the hands more than old ? 

29. What is the shiny coat on certain leaves and fruits ? 

30. Why does turpentine bum with so much smoke ? 

31. Why is the nozzle of a turpentine bottle so sticky? 

32. Wliy does kerosene give more light than alcohol ? 

33. What is the antidote to oxalic acid ? Why ? 

34. Would you weaken camphor spirits with water? 

35. What is the difference between rosin and resin ? 

36. Why does skim-milk look blue and new milk white ? 

37. Why does an ink-spot turn yeUow after washing with aoap? 
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CONCLUSION. 

C/iemtslry of the Sunbeam. — The various plant- 
products of which we have spoken in Organic Chemistry, 
when burned, either in the body as food or in the air as 
fuel, give off heat. This was garnered in the plant while 
growing, and came from that great source of heat — ^the 
sun. Thus all vegetation contains the latent heat of the 
sunbeam, ready to be set free upon its own oxidation. 
The coaJ, even, derived as it is from ancient vegetation, 
hidden away in the earth, is thus a mine of reserved 
force. Those black diamonds we use as fuel become, in 
the eye of science, crystallized sunbeams, fagots of force, 
ready to impart to us at any moment the heat of some 
old Carboni|erous day. A field of growing wheat reaches 
out its tiny arms, and tangling in stalk and grain the 
heat of sultry mid-summer, retains it against the bleak 
December. The oil-well spouts not alone unsavory 
kerosene, but liquid sunbeams, the gathered store of a 
geologic age. As we warm ourselves by our fires, or sit 
and read by our oil and gas lights, how strange the 
thought that their light and heat streamed down upon 
the earth ages ago, were absorbed by the grotesque leaves 
of the old coaJ forests, and kept safely stored away by a 
Divine care, in order to provide for our comfort! The 
present warmth of our bodies all came from the same 
source — ^the sun. It mostly fell in the sunbeams of last 
summer upon our gardens and fields, was preserved in 
the potatoes, cabbage, com, etc., we have eaten as food, 
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and to-day reappears as heat and motion. Every blow, 
every breath, and every step, are but transformations of 
solar rays and can be estimated in sunshine. 

T/ie Sun the Source of ^wer. — The Sun 
warms, enlivens, and animates the earth. In the labora- 
tory of the leaf he produces the most wonderful chemical 
changes. We see his handiwork in the building of the 
forest, the carpeting of the meadow, and the tinting of 
the rose. On the ladder of the sunbeam water climbs to 
the sky, and falls again as rain. The very thunder of 
Niagara is but the sudden unbending of the spring that 
was first coiled by the sun in tha evaporation from the 
ocean. Up to the sun, then, we trace all the hidden 
manifestations of power. Yet the force that produces 
such intricate and wide-extended changes is only one 
twenty-three hundred millionth part of the tide that 
flows in every direction from this great central orb. But 
what is our sun itself save a twinkling star beside great 
suns like Sirius, and Kegulus, and Procyon, whose bril- 
liancy in the far-off regions of space drowns our little sun 
as the dazzling light of day does the smouldering blaze 
of some wandering hunter ? 

Changes ofM'atter. — Chemical changes are taking 
place wherever we look — on land or sea. The hard 
granite crumbles and moulders into dust. The stout 
oak draws in the air and solidifies it ; takes up the earth 
and vitalizes it ; changes all into its own structure, and 
proudly stands monarch of the forest. But in time its 
leaves turn yelloj\r and sere ; its branches crumble ; itself 
totters, falls, and disappears. Our bodies seem to us com- 
paratively stable, but, with the rock and the oak, they 
too pass away. All Nature is a torrent of ceafieless 
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change. We are but parts of a grand system, and the 
elements we use are not our own. The water we drink 
and the food we eat to-day may have been used a thous- 
and times before, and that by the vilest beggar or the 
lowest earth-worm. In Nature all is common, and no use 
is base. Those particles of matter we so fondly call our 
own, and decorate so carefully, a few months since may 
have dragged boats on the canal, or waved in the meadow 
OS grass or com.* From us they will pass on their cease- 
less round to develop other forms of vegetation and life, 
whereby the same atom may freeze on arctic snows, bleach 
on torrid plains, be beauty in the poet^s brain, strength 
in the blacksmith's arm, or beef on the butcher's block. 
Hamlet must have been somewhat more of a chemist than 
a madman when he gravely assured the king that " man 



* The trath that matter passes fh>m the animal hack to the vegetahle, and 
from the vegetahle to the animal kingdom again, received, not long since, a curi- 
ous illustration. For the purpose of erecting a suitable monument in memory 
of Eoger Williams, the founder of Rhode It^land, his private burying-ground was 
searched for the graves of himself and wife. It was found that everything had 
passed into oblivion. The shape of the colUns could only be traced by a black 
Une of carbonaceous matter. The rusted hinges and nails, and a round wooden 
knot, alone remained in one grave ; while a single lock of braided hair was 
found in the other. Near the graves stoo:! an apple-tree. This had sent down 
two main roots into the very presence of the coffined dead. The larger root, 
pushing its way to the precise spot occupied by the skull of Roger Williams, had 
made a turn as if passing around it, and followed the direction of the backbone 
to the hips. Derc it divided into two branches, sending one along each leg to 
the heel, when both turned upward to the toes. One of these roots formed a 
slight crook at the knee, which made the whole bear a striking resemblance to 
the human form. (These roots are now deposited in the museum of Brown 
University.) There were the graves, but their occupants had disappeared ; the 
bones even had vanished. There stood the thief— the guilty apple-tree— caught 
in the very act of robbery. The spoliation was complete. The organic matter— 
the fleif»h, the bones, of Roger Williams— had passed into an apple-tree. The ele- 
ments had been absorbed by the roots, transmuted into woody fibre, which could 
now be burned as ftiel, or carved into ornaments ; had bloomed into ft-agrant 
blossoms, which had delighted the eye of passers-by. and scattered the sweetest 
perftame of spring ; more than that— had been converted into luscious fruit, which, 
from year to year, had been gathered and eaten. How pertinent, then, is the 
question, *• Who ate Roger Williams ?" 
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may fish with the worm that hath eat of a king, and eat 
of the fish that hath fed of the worm.'^ 

Shakespeare expresses the same chemical thought when 
he says : 

*"' Imperious CaBsar, dead and turned to clay. 
Might stop a hole to keep the wind away. 
Oh ! that the earth which kept the world in awe 
Should patch a wall to expel the winter's flaw I" 

Or, again, when he makes Ariel sing : 

" Full fathom five thy father lies : 
Of his bones are coral made ; 
Those are pearls that were his eyes ; 
Nothing of him that doth fade 
But doth suffer a sea change 
Into something rich and strange." 

Zfi/e and ^eath are thus throughout nature com- 
mensurate with and companions of each other. Oxygen 
is the destroyer, and the sunbeam the builder. Oxygen 
tears down every living structure, and would bring all 
things to rest in ashes. The sunbeam re-invigorates, 
rebuilds, and rescues from the grasp of decay. Though 
they seem to be antagonists, oxygen and the sunbeam 
really work in harmony, and each supplements the labor 
of the other. Death alone makes life possible. 



Thus we have traced some of the wonderful processes 
by which this world has been arranged to supply the 
varied wants of man. Wherever we have turned, we have 
found proofs of a Divine care planning, conforming, and 
directing to one universal end, while from the commonest 
things and by the simplest means the grandest results 
have been attained. Thus does Nature attest the sublime 
truth of Kevelation, that in all, and through all, and over 
all, the Lord God omnipotent reigneth. 
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NAMES OF CHEMICALS 



AeCORDING TO 



THE OLD AND THE NEW NOMENCLATURE 



The New. The Old. 

I. Ammonium carbonate Carbonate of ammonia. 

9. **" chloride Cbiioride ol ammonium. 

3. *^ sulptiate Sulptuite of ammonia. 

4. Antimony sulphide Sulphide (sulphuret) of antimony. 

5. Barium sulphate Sulphate of baryta, or Barytcs 

6. Calcium carbonate Carbonate of lime. 

7. *^ chlorido Chloride of calcium. 

8. ** hypochlorite Hypochlorite of lime. 

9. " oxid«^ Lime. 

la ** phosphate Phosphate of lime. 

11. ^ sulphate Sulphate '^ 

12. •* sulphite Sulphite ** 

13. Carbon disulphicle Bisulphide (bisulphuret) of carbon. 

14. Carbonic anhydride* Carbonic acid. 

15. Copper nitrate Nitrate of copper. 

id. " oxide Oxide " 

17. ** sulphate Sulphate '* 

18. Ferric oxide Sesquioxide of iron. 

19. " hydrate Hydrated sesquioxide of iron. 

20. Ferric disulphide Bisulphide (bisulphuret) of iron. 

21. Ferrous sulphide Sulphide (sulphuret) of iron. 

aa. Hydrog^en potassium carbonate Bicarbonate of potash (potassa). 

23. " protoxide (water, II ,.0; . . Protoxide of hydrogen (HO). 
94. " sodium carbonate Bicarbonate of soda. 

25. " sulphide Sulphide of hydrogen. 

26. H vponitric anhydride (acid) Nitrous acid. 

27. Iron disulphide Bisulphide (bisulphuref) of iron. 

28. " sulphide Sulphide (sul phuret) of iron. 

99. " sulphate Sulphate of iron, or Protosulphate of iron 

30. Lead acetate Acetate of lead. 

31. ^* carbonate Carbonate of lead. 

3a. " oxide Oxide of lead. 

* Scfe note. p. 29. In the old nomenclature it is customary to apply the term 
add Indifferently to the hydride (hydrous) or anhydride (anhydrous). 
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The New, The Old. 

33. Lead silicate Silicate of lead. 

34. ** sulphide Sulphide (sulptiuret) of lead. 

35. Magnesium oxide Magnesia. 

36. ** carbonate Carbonate of magnesia, or Magnesia. 

37. *^ sulphate Sulphate of magnesia. 

38. Manganese dioxide Binoxide of manganese. 

39. Mercuric cliloride Chloride of mercury. 

40. Mercurous chloride Subchloride of mercury. 

41. Mercuric oxide Red oxide of mercury. 

43. Mercury sulphide Sulphide (sulphuret) of mercury. 

43. Nitric anhydride Anhydrous nitric acid. 

44. Potassium bromide Bromide of potassium. 

45. *^ carbonate Carbonate of potash. 

46. ^* chlorate Chlorate of potash. 

47. *^ chloride Chloride of potassium. 

48. ^ cyanide Cyanide of potassium. 

49. ^^ ferricyanide Ferricyanide of potash. 

50. ** ferrocyanide Ferrocyanide of potash. 

51. ** hydrate Hydrated potash (potassa), or Potash. 

53. "^ iodide Iodide of potassium. 

53. ^ nitrate Nitrate of potash. 

54. " permanganate Permanganate of potash. 

55. " sulphate Sulphate of potash. 

56. Silicic anhydride Anhydrous silicic acid. 

57. Silver chloride Chloride of silver. 

58. " cyanide Cyanide of silver. 

59. ** iodide Iodide of silver. 

60. " nitrate Nitrate of silver. 

6z. ^* sulphate Sulphate of silver. 

62. Sodium biborate Biborateof soda. 

63. ^^ carbonate .... « Carbonate of soda. 

64. ^^ chloride Chloride of sodium. 

65. ** hyposulphite Hjrposulphite of soda. 

66. " nitrate Nitrate of soda. 

67. " phosphate Phosphate of soda. 

68. ** silicate.. Silicate of soda. 

69. " sulphate Sulphate of soda. 

70. Sulphuric anhydride Anhydrous sulphuric acid, or Sulphuric 

acid. 

71. " acid Hydrated sulphuric acid, or Sulphuric 

acid. 

72. Sulphurous anhydride Anhydrous sulphurous acid. 

73. Tin oxide Oxide of tin. 

74. Zinc oxide Oxide of zinc. 

TS' *^ Sulohate Sulphate of zinc. 



Directions for Experiments. 



The following ^mple suggestions will enable any student to perfonn all the 
experiments mentioned in this work. Many easy illustrations are also given in 
addition to those named in the text. Carefully compare them with those con- 
tained in the body of the book. The Italic figures refer to the pages of the book, 
and the small ones to the number of the experiment. 

18.— \. Put into the mortar as much potassium chlorate as will lie upon the 
point of a knife-blade, and half as much sulphur. Cover the mortar with a sheet 
of writing paper, having a hole cut in it just large enough for the handle of the 
pestle to pass through. When the two substances have become thoroughly 
mixed, grind heavily with the pestle, when rapid detonations will ensue. The 
paper will prevent loose particles from flying into the eyes. The same precau- 
tion should always be observed when pulverizing potassium chlorate. A better 
way is to purchase that salt in powder, or to make a hot saturated solution and 
pour it out in thin films on panes of glass or old plates. It then forms very 
small crjTStals, which can be scraped off and dried for use. After using, clean out 
the mortar carefully for other experiments. The powder can be wrapped with 
paper into a hard pellet and exploded on an anvil by a sharp blow from a ham- 
mer. Sometimes small bits of phosphorus are used instead of sulphur. Great 
care is then necessary, as the particles of burning phosphorus &re apt to fly to 
some distance. 

3. Dissolve 40 gT& of common soda in one wine-glass of water, and 35 grs. of 
tartaric acid in another. On being poured together in a goblet they will violently 
effervesce. Use a glass which is laige enough to prevent any of the liquid firom 
running over. Neatness in experiments is essential to perfection and often to 
success. At the close of this illustration, evaporate the solution,* and a neutral 
salt will result (page an). 

tS-9.—x, A few drops of vinegar, or any acid, will turn the purple cabbage- 
solution to a bright red ; and a little of the potash solution, to a deep g^een. Add 
alcohol to the red solution to keep it from freezing, and bottle for use. Dissolve 

* Pour a part of the liquid into an evaporating dish, and place this on the 
tripod over the flame of the spirit-lamp.or unon a not stove. Heat until a drop 
of the liquid tsdcen out on the end of a glass rod and put on a bit of glass will 
crystalUze as soon as it cools. Then set the dish a ide to cool, when crvstals will 
soon begin to form.— In this connection it is well to remark that a cook-^toye tuill 
be found 0/ great use in chevtical experiments y and indeed may, in the labora- 
tory^ take the place of a/umace. The oven will drv apparatus and chemicals ; 
the heat is sufficient for evaporating solutions, distillmg water, etc., while an 
excellent sand or water bath may be readily contrived. 
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20 or 30 grs. of litmus in an oz. of water ; filter and bottle. Dissolve also a stick 
of potash in 4 oz. of water ; filter and bottle. Fill two test-tubes nearly fiill of 
water ; color one with the cabbage solution and the other with the litmus solu- 
tion. To each add alternately a few drops of the potash solution and of oil of 
vitriol. The color can be changed at ple<:sure. 

A pipette — a glass-tube with a bulb in the middle and one end drawn to a 
point— will be found convenient for dropping liquids. In lieu of this, talce a piece 
of glass-tubing,* and heating the end in the flame of the ^irit-lamp (the greatest 
heat is near the tip), seal the openings. This tube will readily take up a drop 
upon its extremity, and will be found useful for stirring liquids. 

S7. — I. Put into a dry test-tube 34$ grains of pure potassium chlorate and heat 
cautiously. The test-tube may be supported by a strip of thick paper twisted 
around it at the top. Move the tube to and fro through the flame at first, until 
it becomes fully heated ; keep the tube inclined and not perpendicular, letting the 
flame strike the side rather than the bottom. Hold the thumb lightly over the 
mouth of the tube. The salt melts quietly and the tube will soon be filled with 
O, as proved by its re-ig^idng a glowing splint introduced into it. When no 
more gas is evolved, allow the salt to cool, shaking it gently to prevent its attach- 
ing itself to the tube. When cold the residue will weigh 14.9 grains. The 
residue is no longer a chlorate., and it gives out no yellow gas if moistened with 
HaSO^, but will yield a white precipitate with AgNO,, which shows it to be a 
chloride. Most of the following experiments may be performed in test-tubes as 
above, but when it is desirable to make a larger quantity of O, one ounce of 
potassium chlorate is very carefully pulverized and mixed with half that quan- 
tity of black oxide of manganese, which has just been strongly heated on an 
iron plate or sand-bath, and allowed to cool.t Be careful not to grind them 
together. The mixing is effected by placing them both on sheets of clean pf^>er 
and pouring them back and forth from one sheet to the other until the mixttu^ 
has a uniform gray color. Place the mixture in a flask ; tit a cork to the nozzle ; 
then withdraw the cork, and with a round file bore a hole through it just lai^ 
enough X to admit a glass tube bent % as shown in Figs, a or xo. Return the cork 

* The tube may be cut of any length. Lay It upon the table, and with a 
three-cornered file make a deep scratch where vou wish to break it ; then hold 
the tube in both hands, placing a thumb on each side of the scratch, and with a 
steady pressure the glass will break at the desired point. Two tubes, each closed 
at one end, may also be easily obtained by heating a piece of tubing In the 
flame until a ring of the glass becomes very soft, when, by pulling upon the 
opposite ends of tne tube, uie heated portion will be drawn out, diminished in 
size, and the opening closed. A little practice will enable the student to do this 
neatly and expertly. Gas-jets may also be made in this way for the experiments 
illustrated in r igs. 12, 15, 16, and 19. 

t In order to test the purity of the materials, and thus avoid any danger of an 
explosion, it is well, previous to putting the mixture in the flask, to place a little 
in an iron spoon and neat it over the lamp. If the g^ pass off quietly, no dan- 
ger need be apprehended. 

X Whenever corks leak gas they mav be wrapped with thin strips of wet 
paper to make them fit more tightly ; or the entire nozzle may be smeared with 
tallow, or covered with sealing-wax, if heat is not used. In that case use a 
poultice of linseed meal, or a little plaster-of-Paris may be wet and applied. 

§ A glass tube may be bent at any point by softening that part in the flame of 
the spirit-lamp. Practice alone will erive the required expertness. The foUow- 
ins: points should be observed : i. Keep the tune constantly turning between 
the fingers so that it may be equally heated on all sides ; a. Do not twist or puU 
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and tube, arrange the apparatus as shown in either of the figures, and apply the 
heat This must be done very cautiously at first, holding the lamp in the hand 
and moving it around so that the flame may strike all the lower part of the flask, 
and thus expand it uniformly. Be careful also that no draft of cold air strikes 
against the heated glass. The first few bubbles of gas will consist mainly of the 
air contained in the flask, and should not be caught. When the gas begins to 
pass over freely, diminish the heat* When the gas ceases^ remove the stopper 
from theftask^ or lift the end of the tube out of the water ; otherwise, as the 
flask cools, and a vacuum is formed, the water in the tub will rush back into the 
flask and break it. When the retort is nearly cool, pour in some warm water 
to dissolve the residuum, which may then be poured out and the flask dried for 
future use. 

Instead of bending the glass tubing it may be cut into short lengths and the 
pieces joined by bits of rubber tubing, as in Figs. lo and 13. The advantage of 
this is that the flexible joints are not liable to break, and^ the apparatus may be 
more easily moved. Where a large quantity of O is to be made, a copper retort 
and rubber tubing will be found cheap and convenient. No especial care is then 
needed in managing the heat.t— In place of the pneumatic tub, a pail or a tiii pan 
may be used, letting the bottle rest on a shelf as in Fig. 10, or on a couple of 
bricks.— The bottles for collecting the gas may be the regular " deflagrating jar '* 
of the chemist, or the common " packing bottle" of the druggist. They are to 
be sunk in the water of the pneumatic tub and filled ; then inverted and lifted 
upon the shelf, carefully keeping the lower edge of the bottle under the water. 
The bottles may also be filled from a pitcher, then closed with the hand or a 
plate, and quickly inverted and placed on the shelf in the tub or pan ready for 
use. As soon as a bottle is filled with g^s a plate may be slipped under the 
mouth, and thus, leaving enough water in the plate to cover the lower edge, be 
set aside as in Fig. a. Gas may be passed from one jar to another in the manner 
shown in Fig. 17. — While the gas is being collected, the water from the bottles 
which are filling may cause the tub to overrun ; to prevent this, arrange a siphon 
to carry off'the water into a pail below the table. — When a jar of gas is wanted 
for use, remove it to the tub, slip a plate under the mouth, or simply close it with 
the hand, and lifting the jar out, carry it to the table and place it mouth upward. 
Uncover only when the experiment is ready to be performed, as the gas will 
slo^y diffuse. 

t9Sl. — t. The experiment with the candle may be very strikingly performed 
by filling a common fruit-jar with O, and another with N. The covers may be 
loosely laid on top, and the lighted candle passed quickly from one to the other, 
as mentioned in note on page 43. The candle may be simply stuck on the end 
of a bent wire, as in Fig. 14, but it is much neater to have the tinsmith fit a little 
cup for its reception, as shown in the figure. 

the tube while heating ; x* l^o not bend it until very soft ; if not hot enough the 
elbow will be flattened. Blowing gently into the tune at the moment of bending 
also prevents flattening. 

* The gas often looks cloudy, owing to little particles of the salt which are 
carried over suspended in it in fine powder ; but these gradually become dissolved 
in the water. 

t If, during the operation, the eas suddenly ceases to come off, remove the 
flame and ascertain whether the delivery tube is not choked up, which would 
result in a very violent explosion of the retort. 
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8. Worn-out watch-springs can be obtained gratis of any jeweller, and may 
be easily straightened by slightly heating and then drawing them between tlie 
fingers. If the end of each spring be strongly heated and then pounded with a 
hammer on any smooth, bard surface, the temper may be drawn and the edge 
sharpened. Make a slit with a luiife in the side of a match, into which insert the 
edge of the spring. Take a piece of zinc or tin large enough to cover the mouth 
of the jar containing the O, and make a hole through it with a nail. Pass the 
other end of the spring through this hole, and then through a thin cork. The 
spring is now ready for burning. The metal cover will prevent the flame from 
coming out of the jar and burning one's hand, and the cork will hold the spring 
in its place.* When the match is ignited, and then lowered into the jar of O, the 
spring should not reach more than half-way to the bottom, and should be pushed 
down as it bums. A cheap pacldng-bottle should be used, as the glass is fre- 
quently broken by the melted globules of iron. Do not fill it quite full of gas, as 
then, on inverting, a little water will be left at the bottom, or some fine sand may 
be thrown into the jar before the experiment. The illustration may be repeated 
with a coil of fine iron wire. The springs from an old hoop-skirt burn nicely 
in O. 

3. If brimstone be used in the experiment with S, and it fiuls to light readily, 
pour upon it a few drops of alcohol, and then ignite. 

4. When S, P, charcoal, a wax candle, Na, and other substances are to be 
burned in O, they may be supported on the end of pieces of glass tube bent like 
the letter J, and left open at the shorter end only. For this purpose, covers 
must be provided with holes large enough for the glass tube to pass through. Or 
a *' deflagrating spoon " may be readily extemporized to contain the phosphorus. 
Hollow a small piece of chalk and attach a wire to it, which may then be secured 
to a metal top, as in the case of the watch-spring. Tliis need not be pushed down 
into the jar as the burning progresses. Be careful to cut the phosphorus under 
water, to dry it carefully with blotting-paper, and not to handle it. The fumes 
are very disagreeable, and should not be inhaled or allowed to escape into the 
room. They soon dissolve when shaken with a little wat^. which then gives an 
acid reaction, H,PO«. 

5. The experiment of burning P under water may be easily shown by throw- 
ing a piece of P into a glass of hot water. It melts and looks like a thick oil under 
the water. A fine stream of gas may then be passed through a glass tube 
down to the P, which bums brightly under water. (Note, p. 130.) 

6. The oxidation of one solid by means of nascent O liberated from another 
solid can be shown as follows : Heat about 5 grams of potassium nitrate (salt* 
petre) in a test-tube until it melts quietly. Remove the lamp and throw in pieces 
of S as large as peas, when they bum with an intensely bright flame. The heat 
is often sufficient to melt the glass, and the precaution should be taken to hold it 
over an iron plate or sand-bath. Or melt a quarter of a pound of saltpetre in an 
evaporating dish ; an ordinary tin cup will answer. Put it on some burning 
coals in a draught to carry off the fumes. Plunge into the liquid a piece of bark- 

• It is well to obtain several pieces of thin board or shingles, about 6 hiches 
square, bore a small hole in the center and insert a match end or small plug. 
These mav be used as covers in most experiments where a deflagrating spoon is 
to be employed. The handle of the spoon is passed tlurough this hole and held 
in place by the small plug. 
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charcoal strongly ignited. The oxygen of the saltpetre will support the comba»- 
tioD, and the charcoal will deflagrate in a rushing volcano of scintillations. 

7. In burning bark-charcoal in O, force the gas into the bottle through a bit of 
rubber-tubing at the mouth. By placing this at one side, the gas is given a rotary 
motion, and the sparks of ignited charcoal will drive around the bottle in a beau- 
tifiil maelstrom of fire. The gas may be forced in from a rubber bag, and this 
striking efifect easily produced. 

^ Arrange a receiver upon the bed-plate of the air-pump so that O may be 
admitted from a gas-bag by turning a stop-cock. Put under the receiver an 
ignited tallow candle with a big wick. Exhaust the air until the flame goes out 
and there is left only a coal of fire. Admit the air, and it will have no eflect to 
restore the blaze. Force in some O quickly, and the coal will burst instantly into 
a brilliant white light, brighter than at the first 

9. Burn a small piece of N a or K in a jar of O, and dissolve the white powder 
formed. The solution restores reddened litmus, showing it to be an alkali. 

39. — I. Put in an evaporating dish a little starch ; cover it with water in which 
a few crystals of potassium iodide have been dissolved, and heat. Stir the liquid, 
to prevent lumps. When cooked, immerse in the paste slips of white blotting or 
clean writing-paper, and hang them up to dry. They must be moistened when 
used. Be careful not to heat the glass tube too hot, lest the ether -vapor may 
ignite. Keep the jar well filled with vapor by frequently shaking it. Lower into 
the ozone a bit of silver-leaf moistened with water ; it will quickly crumble into 
the oxide. * 

2. Ozone may also be prepared by the slow oxidation of phosphorus in the 
following manner : Scrape off" the white coating of a stick of phosphorus under 
water, and cut the cleansed phosphorus into pieces xa or 15 millim. long.* Place 
one of these pieces in a wide-mouth litre-bottle full of air, with about a tea- 
spoonful of water at the bottom. Close the mouth of the bottle with a glass plate, 
and expose the whole for an hour or two to a temperature of 15° or 20"^ C. Then 
invert the neck of the bottle in water, and allow the phosphorus to fall out. Re- 
place the glass plate, and withdraw the bottle and its contents from the water. 
The phosphorus in this experiment undergoes a slow oxidation, during which a 
little ozone is formed, and is left mixed with the air ; but the ozone will be again 
destroyed if it is left too long with the phosphorus. 

3. Add to the bottle of air which has been ozonized by means of phosphorus, 
a few drops of a very dilute blue solution, formed by dissolving powdered indigo 
in strong sulphuric acid, and then diluting it with water. If the blue liquid be 
shaken up with the ozonized air, the color will quickly disappear. 

4. In making ozone in the ordinary way, with a hot glass rod stirred in ether- 
vapor, when there is water at the bottom of the jar, some peroxide of hydrogen 
will be made and absorbed by the liquid. When ozone is present, on adding to 
the liquid the iodide-of-potassium-starch solution, the characteristic blue of iodine 
is developed. In the absence of ozone, no such change will take place. But on 
adding to the liquid a tiny drop of the transparent solution of the sulphate of iron, 
the iodine will at once be set free and the characteristic blue be produced. 

* The metric system is used in a few of the examples which follow, in order to 
accustom the pupil to the mode which is adopted by all scientific men in their 
investigations and treatises. Any arithnietic will explain the meaning of the 
terms, if they are not already familiar to the scholar. 
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5. Let some ozoiie pass iato a clean bottle containing a little pure mercury. 
Shake the whole very carefully. The metal will change so as to act like an amal- 
gam of tin and mercury, and will form a mirror on the sides of the bottle. 

6. Peroxide of hydrogen may be readily made by allowing water to drop very 
slowly through a tube containing bits of amalgamated zinc. The liquid may be 
tested for the peroxide by the iodide-ot-potassium-starch solution in the presence 
of ozone, as before. 

Ail— I. The phosphorus will, without the aid of heat, gradually remove th* O 
from the air, forming phosphorus anhydride (PaOs), which will be dissolved by 
the water, and in a day or two the gas which is left will be nearly pure N. 

2 To show the proportion of O and of N in common air. Take a long glass 
tube ; with a camelVhair brush and black paint mark upon the outside the divi- 
sion into fifths ; seal one end air-tight and fit a cork to the other. Place a bit of 
phosphorus in the tube near the open end and insert the cork. Heat slightly over 
a spirit-lamp to ignite the phosphorus, and then elevate the stoppered end so as 
to let the burning and melted phosphorus run slowly to the other end of the tube, 
combining with the O of the air as it goes. Now let the tube cool a moment, 
and then remove the cork underneath the surface of water, which will instantly 
rise and fill one-fifth of the tube. Replace the cork, and then the tube may be 
lifted out and shown to the class, all of whom will see that one-fifth of the air has 
been removed and its place occupied with H,0, while the remaining four-fifths 
still appears. 

J^. To make the iodide of nitrogen, cover a few scales of iodine with strong 
aqua-ammonia. After standing for a half-hour, pour off the liquid and place the 
brown sediment in small portions on bits of broken earthenware to dry. They 
may then be carried very carefully to the class-room and exploded by a slight 
touch of a rod or even a feather. It can also be made by pouring aqua-ammonia 
upon chloride of iodine. 

Ul*.—\. For making HNO,, a flask may be used, and the heat of the spirit-lamp 
will be sufficient. Take equal weights of sodium nitrate and strong sulphuric 
acid. Nitrate of potash will answer in place of the sodium salt A free circula- 
tion of air is necessary. The fumes may be caught in an evolution-flask, which 
is kept cool by a towel frequently wet When the retort is partially cooled, at 
the conclusion of the process, pour in a little warm water, to dissolve the potas- 
sium sulphate, otherwise the retort may break by the crystallization of the salt 

IS. — I- A special apparatus is necessary both for preparing and inhaling nitrous 
oxide safely. This consists of a glass retort — as shown in the cut — a wash-bottle, 
and in addition a gas-bag of from twenty to fifty gallons capacity for storing the 
gas, and a smaller bag of from three to five gallons, with a wide, wooden mouth- 
piece for inhalation. It is well to pass the gas through a large wash-bottle half- 
full of iron sulphate solution and a second half-full of H,0, as shown in Fig. 13, 
thence by a rubber tube directly into the large gas-bag. The utmost care should 
be taken both in preparing and administering this gas, as other oxides of nitrogen 
are liable to be present, especially if too high a heat is used. Before preparing 
the gas, pour into the bag a couple of gallons of H,0, by standing over which it 
will be purified in a few hours. When about to administer the gas, let the subject 
grasp his nose firmly between his thumb and forefinger; then, inserting the 
wooden mouth-piece, be careful that he does not inhale any of the external air, 
but takes full, deep breaths in and out of the gas-bag. Watch the eye of the 
subject, and notice the influence of the gas. Great care is necessary, and 00 one 
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should ever inhale the gas who is not in good health, who is troubled with a rush 
of blood to the head, any lung or heart disease, or is of a plethoric habit. NgO 
should never be administered except when prepared and given by an experienced 
person. 

3. Fill a small jar with the gas, and thrust into it a splinter of wood the end of 
which is glowing brightly ; it will burst into flame. 

3. Place some S in a deflagrating-spoon ; kindle, and when burning briskly 
lower mto the gas ; it will bum with a pale rose-colored flame. 

4. Half-fill a test-tube with gas, over water. Close the tube under water 
firmly with the thumb, and then agitate the water and gas together. On remov- 
ing the thumb under water, a considerable rush of water into the tube will occur, 
as the gas is soluble in about its own volume of cold water. By this circumstance 
the gas is easily distinguished from O. 

5. To show the effect of HNO, upon the metals, procure bits of tin and copper 
from the tinsmith. Take six wine-glasses and place them in a row upon ordinary 
soup-plates containing a little water. Cover each with a beaker-glass or bell-jar. 
In one put a strip of copper, in another a piece of silver, in another a piece of pure 
tin (not tinned iron). In another a strip of zinc, in another a new iron nail, in the 
last a bit of platinum wire or foil. Pour strong nitric acid upon each, and cover 
immediately. The copper, silver, and zinc dissolve, the latter with a violent 
evolution of gas. The tin is oxidized to a white powder, while the iron and plati- 
num are unaffected. Touch the iron with a piece of copper wire, and it begins 
to dissolve. Put another new nail in dilute nitric acid, and it is rapidly dissolved. 

6. Mix slowly together i oz. oil of vitriol and 2 oz. of the strongest nitric acid. 
When cold, dip paper into the mixture, and quickly wash with cold water and 
dry. The paper will burn with a flash like gunpowder. To avoid getting the acid 
on the hands, use glass tubes or rods for taking the paper out of the acid. Cotton 
treated in the same way becomes soluble in a mixture of alcohol and ether, and 
is used by photc^raphers in making collodion. (Page 189.) 

kl» — X. When a jar is filled with the NO, it may be lifted out of the H^O and 
hiverted, when the NO, will pass off in blood-red clouds. If the jar be left in the 
cistern and one edge be lifted so as to admit a bubble of air, red fumes will fill the 
jar. By standing a moment, the water will absorb the red vapor. The process 
may be repeated several times with the remaining gas. The variation of this 
experiment described in the note on page 47 will be found very interesting. The 
change of color produced by mixing nitric oxide with any gas containing free O, 
often affords a convenient means of detecting small quantities of O when present 
in admixture with other gases, such, for instance, as coal-gas. Hence NO may be 
used to distinguish between O and NgO. 

a. Into a large jar inverted over water, introduce a measured quantity of NO 
and exactly half as much pure O. The two combine to form NO3, which is soon 
dissolved in the water and disappears. This illustrates Gay Lussac's law that 
gases combine in simple proportions by volume. If we take 4 parts of NO to 
I part of O, we have N^O,, also a red gas.* 

* It is very dangerous to breathe the red fumes (generally a mixture of NO, 
and NjO,) given off by the action of nitric acid upon the metals, starch, and other 
oxidizable bodies. The nitrous fumes produced when nitric acid is poured upon 
starch or sugar are passed into alcohol and sold under the name of sweet spirits 
of nitre. Oxalic aad (see p. 2x0) remains in the retort 
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43.— Carefully compare the three following experiments : 

I. Mix intimately 3 grams of tine iron filings in a mortar with 0.3 gram of 
caustic potash ; introduce the mixture into a test-tube, to the mouth of which a 
cork and a bent tube are attached. Heat the mixture over the spirit-lamp ; gats 
will escape, and may be collected over water in a test-tube. It bums with flame, 
and consists of H. At a high temperature^ the Fe displaces H from the caustic 
potash: Fe + aKHO = FeO + KjO + H.^. 

3. Mix 3 grams of iron filings intimately with 0.3 gram of nitre. Heat the 
mixture and collect the gas as before ; it will not burn, does not render lime- 
water milky, and is, in fact, N. The Fe has combined with the O of the nitre, 
forming potash and liberating N : sFe +3KN0j=sFe0 + KaO+ Nj. 

3. Mix 6 grams of iron filings with 0.3 gram of caustic potash and cs g^m of 
nitre, and heat the mixture in a tube. The gas which now comes off has the 
pungent smell of hartshorn ; it is strongly alkaline, and immediately restores the 
blue color of reddened litmus. In the reaction which takes place, the H and the 
N, at the moment that each is set free, combine, and form H,N. 

4. Place a little solution of litmus, feebly reddened by the addition of a drop 
or two of acid, in a basin ; carefully raise the flask full of ammonia gas from the 
gas-delivering tube ; close the flask with the thumb, plunge the mouth under 
the solution of litmus, and withdraw the thumb ; the liquid will rush rapidly 
into the flask, the ammonia gas will be absorbed, and the red liquid will 
become blue. 

5. Boil a fluid-oz. of N H « HO in a flask provided with a cork and tube, as shown 
in Fig. 13 ; the gas will come off freely. Apply a light to the jet ; it will not 
burn readily, but a pale greenish flame will play over the top of the light. Place 
in a bottle of O the tube from which the gas is escaping, and then apply a light ; 
it will now burn with a g^een flame. 

6. *■'• Vortex rings " formed by the fumes of chloride of ammonium. A com- 
mon wooden box about three feet square has a circular hole six inches in diame- 
ter cut in its front face, while the back of the box is removed and its place 
supplied by a piece of tightly-stretched canvas or linen cloth. Let the vapors of 
ammonia and hydrochloric acid pass constantly into the box through small holes 
at the side. When the box is filled with the white fumes of the chloride o( 
ammonium, a sharp but gentle tap on the canvas back will drive out, through the 
hole in front, a beautiful ring 0/ smoke that will traverse a lai^e room and will 
have force enough to extinguish a li<^hted candle. 

60.— 1. For preparing H the apparatus shown in Fig 13 is very convenient. 
The wash-bottle, rf, is necessary only when it is desired to purify the gas for 
inhaling. A common junk-bottle, fitted with a cork and a glass tube, will 
answer for all ordinary experiments, but a " hydrogen generator," as described 
below, is much more sati^actory. The Zn for making H should be granulated.* 
Water may be poured into the flask until the lower end of the funnel is covered, 
before adding the acid. The flow of gas may be regulated by additions of acid, 
as may be wanted. One part of acid to 10 or 13 parts of water will liberate the 
gas rapidly. If too much HaSO« be added the liquid is apt to froth over. 

A constant hydrogen generator can be readily made by taking two bottles with 
tubulature near the bottom, such as are sold by druggists for the *' nasal douche," 

* This is easily done by melting the Zn in an iron ladle, and pouring the 
metal slowly from a little height into a basin of water. 
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and connectiiig them with a 
strong rubber tube. One is 
fitted with a cork and deliv- 
ery tube provided with a 
stop-cock. In this bottle. is 
placed a layer of pebbles or 
broken glass, and upon this 
a quantity of zinc scraps. 
In the other bottle is dilute 
H|SO«. On opening the 
stop-cock the acid comes in 
contact with the zinc and H 
is evolved. As soon as the 
stop-cock is closed, the pres- 
sure of the gas drives the 
acid back into the other bot- 
tle. The same kind of ap- 
paratus may be employed 
for generating CO, or H,S. 

A hydrogen generator, similar in principle to the DObereiner's lamp (Fig. 18), 
can be made by cutting off the bottom of a tall and narrow bottle, filling it with 
zinc scraps and closing at the lower end with a perforated rubber cork, and at the 
tipper end with a perforated cork carrying a brass or glass tube and stop-cock. 
Place it upright m a jar of dilute sulphuric acid. 

In experimenting with H, great care must be used not to ignite the jet of gas 
until all the common air has passed out of the flask ; otherwise a severe explo- 
sion will ensue.* It is a safe precaution to test the gas by passing it in bubbles 
up through HaO, and igniting them at the surface ; the force of the combustion 
will indicate if there be any danger. H must not be kept in bags for any great 
length of time, as the air will gradually force itself in, and the gas will partly 
pass out by the law of diffusion, thus form'mg a mixture which it is dangerous to 
ignite. 

2. The gases may be mixed in the following manner: Fit a good cork into 
the neck of a lai^e jar, and pass through it a tube 5 centim. long. Bind a short 
piece of rubber tubing firmly to the tube, and close this elastic tube with a small 
screw-vise.t Fill the jar with water over the pneumatic tub. Fill a small j-^r 
which will hold about half a litre with O, and transfer it, as shown in Fig. 17, to 
the large jar. Fill the same jar with H, and transfer it to the large jar. Repeat 
the operation with the H, so as to obtain in the larger jar a mixture of half a litre 
of O and i litre of H. Having previously softened a thin bladder by soaking it in 
water, tie into the neck of it a glass tube 5 centim. long ; then adjust to the pro- 
jecting portion a piece of rubber tubing provided with another nipper-tap. Press 
the air out of the bladder ; connect by means of a short piece of glass tubing the 
two pieces of rubber tube ; depress the jar in the pneumatic tub, and then open 

* Always wrap a cloth around the H generator when you ignite the gas, as 
an explosion may take place at any time. 

t Small vises, or " nipper-taps," as they are called, are sold for this purpose. 
They are cheaper than stop-cocics, and answer every purpose. In lieu of tnese, 
common ^>ring clothes-pins may be used. 
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each nipper-tap. The gas will now pass into the bladder ; if it does not, press 
the jar deeper into the water ; close both nipper-taps, and remove the bladder. 
Now place the end of the tube attached to the bladder under some soap-suds, 
and force out the mixed gases by squeezing the bladder so as to make a lather. 
Carefully remove the bladder to a distance^ and then apply a light to the froth 
of soap-suds. A loud explosion will immediately follow.— A clay tobacco-pipe 
may be attached to the gas-bag by means of a bit of rubber tubing. Dip the 
pipe-bowl into the soap-suds, and lifting it out, blow a bubble with the mixed 
gases, and then detach it by a quiclc motion. When the gas-bag is removed, 
ignite the bubble, which will explode sharply. If bubbles be blown with H 
alone, they will rapidly rise, and if out of doors, will float to a g^eat distance.* 

3. H is the lightest known substance. Fill two bottles with the gas, suspend 
one inverted from the ring of the retort holder and place the other right^de up 
on the table. In a few minutes the upright cylinder will be found to contain 
little or no H, while the inverted bottle is nearly fulL 

4. Invert an empty beaker glass or paper box, and suspend it from the end of 
the scale beam (Fig. 36). Balance it carefully, then fill it with H gas. It will be 
found much lighter than before. 

5. Take a small porous cup, such as is used for galvanic batteries. Fit a 
cork to it and pass a long glass tube through the cork. Cover the cork with 
plaster of Paris. Place it upright with the lower end of the tube dipping into a 
colored liquid (CuSO, + NH,HO). Hold a jar of H over the porous cup. The H 
enters the cup, driving the air out of the lower end of the tube. Remove the jar 
and the liquid will rise several inches in the tube. (See Physics, p. 50.) 

6. A substitute for spongy platinum in the experiments with hydrogen gas. 
Make a cylinder of pumice stone %oizx\. inch in diameter. With a fine saw cut 
it into disks about one-twentieth of an inch thick. Soak these for some time in a 
strong solution of bichloride of platinum in alcohol, and then as long in an alco- 
holic solution of sal-ammoniac. After being once thoroughly ignited these disks 
will inflame a jet of hydrogen. 

60.— \, The analysis of water t can be readily performed as^follows : Take a 
vride bottle (the height is unimportant) and cut it off about 3| inches below the 
neck, by making a scratch with a three-cornered file and then applying near the 
scratch a very hot piece of wire or glass, or a small blowpipe flame. The crack 
will follow the flame slowly around the bottle. Take two strips of platinum foil, 
and put one on each side of a well-fitting cork, so that one end extends into the 
bottle, the other outside of the neck. Support the apparatus inverted upon a 
ring of the retort stand, and fill nearly full of water acidulated with HsSO«. 
Connect one strip of Pt with each pole of a galvanic battery. Bubbles of gas at 
once appear and can be collected in inverted test-tubes and tested. Instead of a 
bottle neck, a broken funnel may be employed. (See Physics, p. 237.) 

2. The synthesis of water may be shown, and alpo its composition by weight, 
by passing dry H over dry CuO. The CuO is placed in a bulb-tube of hard 
glass C and weighed. The chloride of calcium tube D is also weighed. The H 

♦ If one has a large rubber gas-bag with stop-cock and rubber tubing, and a 
glass receiver fitted with a stop-cock on top, these may be attached and the gases 
measured in the receiver and then passed directly into the bi^. Such apparatus, 
though convenient, is not necessary to illustrate the properties of the gases. 

t The so-called Water Gas is made by passing H.O over red-hot coaL It is 
chiefly H + CO. 
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generated in A is dried by CaCIs at B^ and passes over the CuO at C. When the 
air has aii been expelled^ heat the CuO until it has a bright red color. Allow the 
H to pass through until the tube C is cold. Take the apparatus apart and weigh 
the tube C; it will have decreased in weight by a quantity equal to that of the O 
expelled. Weigh the tube D. It has increased by a quantity equal to that of 
the water formed. If C has lost i6 grams in weight, D will have increased 






i8 grams in weight, showing that x6 parts of O will form x8 parts of water, by 

taking up two parts of H. 

3. Burning H in O. Attach a CaCI, drying tube to a hydrogen generator, and 

to tibiis a glass tube bent twice at right angles and 

then turned up at the end, as shown in the figure. 

Take a small piece of Pt foil and roll it around a 

darning needle so as to form a small tube. Soften 

the end of the glass tube and slip this little tube 

into it while hot, then hold them in the flame until 

the glass settles down against the Pt on all sides. 

When the air has all been expelled from the gen- 
erator, throw a towel over it 
and ignite the H, then bring 
it into a broad jar of O. The 
heat is very intense, hence 
the need of a Pt tip. 

4. Burning O in H. To 
show the reverse experiment 
of burning O in H, or illumi- 
nating gas, take a large lamp 
chimney and fit a cork in 
each end. In the upper cork 
insert a glass tube drawn out 
to a jet D. In the lower end 
insert a bent glass tube A 

and a metal tube C made by rolling up a strip of sheet 
iron or brass. Fit a cork to the metal tube and pass a 
glass tube with a Pt tip on it through this cork B. Attach 
the tube ^4 to an H generator, and when the whole apparar 




i 
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tus 'v&/ull of H, ignite it at D and C. Connect B with a gasometer or bladder 
of O, then quiclcly insert the corlc into the opening C^ so as to extinguish the 
flame there. Let the O pass in slowly. The O will be seen to btim in an atmos- 
phere of H. Cut off the supply of O and extinguish all flames before removmg 
the supply of H, to avoid an explosion. 

59.— \. Grind in a mortar 50 or 60 grams of sodium sulphate with about twice 
its weight of water at 15° C. The water will dissolve a considerable portion, 
but not the whole of the salt. Pour this saturated solution into a flask, and 
warm it gently ; it will now dissolve 50 grams more of the salt without difficulty. 
When all the salt is dissolved, cork the flask, place it on the table and allow it 
to cool slowly. Be careful not to shake it when cold. On removing the cork 
the whole becomes a mass of crystals, which can be seen to shoot through the 
liquid in every direction. Pour off the liquid, and dry the crystals by pressing 
them between a few folds of blotting-paper. When they appear to be dry, put 
a small quantity of the crystals into a test-tube, and apply a gentle heat ; the 
salt will liquefy, and on continuing to apply the heat a large quantity of water 
will be driven off, and a dry, white powder will be lell in the tube. 

a. Take some of the fresh crystals of sodium sulphate ; let them lie exposed 
on a piece of blotting-paper for two or three days. They will gradually lose 
their water and crumble down, or effloresce into a white powder.* Dissolve 
Z50 parts, by weight, of hyposulphite of soda t in 15 parts boiling water, and gently 
pour it into a tall test-glass so as to half fill it, keeping the solution warm by 
placing the glass in hot water. Dissolve xoo parts, by weight, of sodium acetate 
in 15 parts hot water, and carefully pour it in the same glass ; the latter will 
form an overlying layer on the surfia.ce of the former, and will not mix with 
it When cool there will be two supersaturated solutions. If a crystal of 
sodium hyposulphite be attached to a thread and carefully passed into the 
glass, it will traverse the acetate solution without disturbing it, but, on reach- 
ing the hyix>sulphite solution, will cause the latter to crystallize instantaneously 
in large rhomboidal prisms. (Compare p. 133.) 

4. Take two four-ounce bottles, and put in each a teaspoonfitl of white sugar. 
Fill one bottle nearly full of pure rain or distilled water, the other with impure 
water. Cork them, and let them staud a few days ; in one bottle will be seen a 
fungoid growth, resembling fuzz or lint ; the jyater in the other bottle remains 
clear. (Note, p. 192.) The sporules or germs that fall into the water find suitable 
nutriment for their development in one case, but not in the other. Any well or 
spring water in which this change takes place is unfit to drink, (P. 60, note.) 

5. Select a thin, porcelain dish which will hold 60 or 80 cub. cm. ; place it in 
one pan of the balance, and trim a piece of lead until, when placed in the other 
scale-pan, it will counterpoise the dish. Measure a quarter of a litre of spring- 
water, and pour some of it into the weighed dish ; place it over a very small gas- 
flame, so as to evaporate the H^O gently, without allowing it to boil ; add the 
rest of the HjO from time to time until it has completely evaporated. Dry the 
salts thus obtained, and weigh what is left as accurately as you can. By multi- 
plying this quantity by 4, you will obtain the amount of soluble solid substances 
per litre which that particular specimen of water contained. This is the basis of 
the plan which, with many additional precautions, is adopted for determining the 

* Common washing soda, NaaCO, + ioH,0, will do the same. 
+ To be had of any photographer, under the name of '* hypo." 
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quantity of salts in the process of anal3rzing waters to be used for drinking or 
manufacturing purposes. 

66.— I. Small paste-diamonds may be obtained of a jeweller, to illustrate the 
forms of cutting the diamond. 




69. — X. Place a filtering-paper in the glass funnel,* and in it two ounces of 
bone-black or finely-powdered charcoal. Filter through it water colored with 
ink, litmus, or any other impurities. In pouring the liquid into the filter, hold a 
glass rod against the edge of the pouring vessel, so as to direct the stream into 
the funnel. The funnel may be placed in the nozzle of a bottle, but must not fit 
closely. A bit of wood or a thread inserted between the stem of the funnel and 
the nozzle will leave an opening sufficient for the egress of the air. 

3. Slip a piece of freshly-burned charcoal under the edge of a long tube pre^ 
viously filled with dry ammonia gas,t and standing over Hg. The charcoal will 
quickly absorb the H,N ; the whole of the gas, if pure, will disappear, and the Hg 
will fill the tube. 

3. Weigh a piece of freshly-burned charcoal as soon as it is cold ; leave it 
exposed to the air for twenty-four hours, and weigh it again ; it will be found to 
be heavier. Place the charcoal in a glass tube, and heat it over a lamp ; moisture 
will be driven off, and will become condensed on the cold sides of the tube. 

4. Shake up with a little powdered charcoal some stagnant water which has 
been kept till it smells offensively. In an hour it will have lost all its disagree- 
able odor. 

5. Mix in a mortar twenty grams of litharge with forty grams of NaCI and one 
gram of powdered charcoal ; cover with a little more salt, and place the mixture 
in a small, clay crucible ; heat it to bright redness in the fire. When the mixture 
is melted, take the crucible out of the fire and let it cool. When quite cold, 
break the crucible, and a bead of Pb will be found at the bottom, under the 
melted salt, the C having taken the O from the PbO. 

6. Break the head off a match, and warm the match-stick in the flame. At the 
same time hold one end of a large crystal of sal-soda in the flame until it 
melts. Rub the stick with the melted soda until it is well covered ; then hold it 
in the flame until the protected stick is completely charred. Mix a very little 
PbO with some melted soda and put on the end of the stick, and place it for a 

♦ In order to prepare this filter, fold a square of paper, as shown In the figure 
above, first into half, and then again into a quarter of its first size (6) ; cut on the 
edges in the direction of the dotted line shown in the left-hand figure (a), open 
out the folded paper (c), and drop it into a funnel a little larger than the paper 
cone. 

t The gas may be dried by passing it through a tube filled with pieces of cal* 
dum chloride (see Fig. x6), obtained m making COa> (See page 74.} 
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short time in the centre of the flame. On taking It out, minute beads of lead can 
be seen on the stick. Pulverize the end of the stick in a small mortar, and pour 
on some water. The pieces of charcoal can be washed away, leaving little bright 
spangles of lead, which flatten under the pestle. 

7. Repeat the experiment with a small quantity of copper oxide. The metal 
will require a stronger heat, but may be reduced in like manner. If the little 
bead be placed between two folds of paper, it may be flattened with the hammer, 
and will show the red color of copper. 

8. Select a small stick of charcoal, and with the point of a knife make a small 
cavity of the size of a split pea near one end. Put a little white lead in the cavity, 
and heat it strongly before the blowpipe in the reducing flame. A little bead of 
lead will easily be obtained, surrounded by a border of yellow lead oxide. The 
lead will flatten under the hammer. 

9. Take a glass cylinder open at both ends, and suspend 
near the top an inverted funnel which fits nicely into the cyl- 
inder. Place a turpentine lamp below it so that the smoke 
passes up into the funnel. When a considerable quantity of 
lampblack has formed on the sides of the cylinder and funnel, 
extinguish the flame and remove the lamp. Then slowly 
lower the funnel, the edge of which will scrape the lampblack 
from the sides of the vessel, in precisely the same manner that 
it is done by manufacturers in making lampblack for the 
market. 

tk-S.-^i. Break some marble into small bits ; place them 
carefully in the evolution-flask, and, inserting the cork and 
tube, pour in HCI slowly. The gas, on account of its weight, 
may be passed directly into a bottle or Jar, 

a. Lower a lighted candle into a Jar of the gas, or, placing 
the candle in an empty jar, pour the gas into the jar, as if it were water. Test the 
acid with blue litmus-paper moistened. 

3. In a pint of water place a piece of lime as lai^e as an egg ; let it stand over 
night ; pour off the clear liquid ; it is lime-water. Place a little in a tumbler and 
breathe through it by means of a tube, or pais a current of CO, from the evolu- 
tion-flask until the liquid, at first milky, clears. 

4. Breathe through a tube into an empty bottle. Lower into It a lighted can- 
dle—it will be immediately extinguished. Pour in some llme»water, shake 
thoroughly, and it will become milky. 

5. Twist a wire around the neck of a small, wide-mouthed vial, to answer as a 
bucket Lower it by the wire into a jar of CO,, our ideal well foul with the gas. 
Raise it again, and test for the CO, by means of a lighted match. The bucket 
will be found full of the gas. 

6. Balance a large paper bag or box on a delicate pair of scales, or In any 
simple manner one's ingenuity may suggest Empty into the box a large jar of 
CO3, and the box will quickly descend. 

7. Arrange little wax-tapers in a wooden or pasteboard trough, as on page 75. 
Light them, and then pour in at the top a bottle of carbonic acid gas. If the 
proper slant is given to the trough, all the candles will be extinguished. 

8. To show the formation of carbonic acid in the lungs, repeat Paraday*8 
favorite experiment Pit an open-mouthed receiver with a cork, through which 
passes a soiall bit of glass tubmg. The receiver is then placed in a basin of water. 
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Expelling the air from his lungs, the experimenter inhales the air in the receiver 
through the tube. The water in the basin rises in the receiver, and shows how 
&st and when the air is exhausted. Breathing back the air from the lungs into 
the receiver again, the water is expelled, and the lighted taper will test the pres- 
ence of the carbonic acid. Before testing, the air may be breathed back and 
forward two or three times, until it becomes unpleasant. The rise and fall of the 
water in the jar is a pleasant and instructivt addition to the experiment 

80.— I. Dry some potassium ferrocyanide, K«F«Cy„ iH.O (prussiate of potash), 
till it crumbles down to a white powder. Mi^ 5 grams of this with 50 c. c, of oil 
of vitriol in a flask ; adjust a cork and a wid§, bent tube to the mouth of the flask, 
and heat the mixture. The CO will come o^ very quickly, and will bum with a 
blue flame. Take care nU to inhale it, 

a. Place a few crystals of oxalic acid iCaH,0«) in a teat-tube, pour on enough 
oil of vitriol to coyer them, and then heat gently. Both CO and CO, will be 
evolved. On applying a flame to the op^n end of the tube, the CQ will take lire 
and bum with a blue flame. To separate the two gases, pass them through a 
solution of KHO, which will remove the CO,, and the CQ can then be collected 
over water. 

8M. — I. Introduce into a retort which will hold a litre, 75 c. c. of alcohol and 
60 c. c. of oil of vitriol. Heat the mi](ture, and collect the gas oyer water ; con* 
Unue the experi.i.ent until the mass blackens and swells up considerably. The 
product consists at first chiefly of olefiant gas, mixed with ether-vapor; but 
towards the end it becomes mingled with SO,, Pais it through a solution of 
potash, using a wash-bottle ag shown in Fig. 13, and then collect in the gas bag. 
Fit a piece of glass tubing, drawn to a fine point at one end, to the stop.cock of 
the gas-bag, by means of a bit of th? rubber tubing. On turning the stop-cock 
and forcing out the gas, It may be ignited, when it will bum with a clear white 
light. 

9. Mix C, H« with twice its bulk of O and explodes in soap-bubbles, |t produces a 
greater noise even than the '^ mixed gases." Great care must be taken not to let 
the light approach the gas-bag containing the mixture. 

3. At the close of the first experiment, perform the one described in the note 
on page 89. A small piece of wire<gAuze, ibur to six hiches square, for this pur- 
pose can be purchased of any tinsmith. If you do not force the gas out too 
rapidly, you will be able to bum It on either side of the gauze at pleasure. 

4. Place on top of the gauze a piece of oamphor-gum. Ignite it, and the flame 
will not pass through to the lower side. Then ignite on tjie lower side, and 

' extinguish the flame on the upper side. 

8S. Get a bit of bituminous coal about the size of a walnut. Pound it small, 
almost into dust. Fill an ordinary tobacco-pipe (one with a long stem is prefer, 
able), nearly full of the pounded coal, packing it down closely with your thumb* 
On the top press a disk of metal or a copper coint and cover with a layer of plas- 
ter of Paris or some tough clay, reduced to the consistency of putty by being 
tempered with a little water. Heat the bowl of the pipe strongly, and a combus- 
tible gas will come out of the stem, which should now be held in a nearly vertical 
position. When no more gas is given ofi", and the jet of flame goes out, remove 
the clay or plaster covering. The residue in the bowl is coke. 

a. Place some bits of pine wood in a glass retort provided with a perforated 
cork and delivery-tube. Connect this with an empty wash-bottle. On heating 
the retort, gas is given off, tar collects in the wash-bottle (see p. 905), and char- 



260 DIRECTIONS FOR EXPERIMENTS. 

coal remains In the retort. The charcoal used for making gunpowder is prepared 
in this way in large iron cylinders. 

8A.— I. Fit a corlc to a small test-tube. Take out the cork, and pass through it 
a bit of glass tubing drawn to a fine point at one end, so as to act as a gas-burner. 
Place in the tube fifteen or twenty grains of mercury cyanide ; rephtce the cork, 
and heat over a spirit-lamp. The test-tube may be supported by a strip of thick 
paper twisted around it at the top. Move the tube to and fro through the flame 
at first, until it becomes fully heated ; hold the tube inclined and not perpendicu- 
lar, letting the flame strike the side rather than the bottom. When the gas 
begins to come off, it may be ignited. 

3. To show the formation of potassium cyanide from a nitrogenous body. 
Take a thin piece of freshly-cut K, lay on it a bit of the nitrogenous substance, 
and cover with another thin piece of K. Press all tightly together ; drop the mass 
into a perfectly dry test-tube, and heat carefully until it melts and a flash of light 
is seen. When cold, break the tube, throw the fused mass into a clean test-tube, 
and make the test for KCy with FeSO« and Fe,CI., or as given below. 

3. To test for the presence of potassium cyanide. Add to a solution of the 
suspected substance a few drops of solution of sulphate of iron and a slight excess 
of potash. Shake the precipitate a few moments with air in the tube, and add an 
excess of hydrochloric acid, when a blue precipitate, or a decided blue or green 
color pervading the liquid, will indicate the presence of a cyanide. Prussian blue 
is produced by this process. 

4. To show that there is no free hydrocyanic acid In the kernels of peach, 
cherry, and plum stones, or bitter almonds, but that it is formed on heating the 
same with water. Soak a long strip of Swedish filter-paper in a tincture of gum 
guaiacum (i to 30), and dry. Next pass through a soluiion of sulphate of copper 
diluted 3000 times, when the paper will not be changed at all in color. Put a few 
freshly-pounded bitter almonds in a two-liter flask with water. On suspending 
in it the strip of test*paper above described, the paper wiH remain white ; but on 
pouring into the flask a single crushed bitter almond that has been warmed with 
water, the test-paper will at once be colored blue by the hydrocyanic add gen- 
erated in the flask, without bringing the paper in contact with the Ikiuid. 

85.— Take an ordinary argand lamp with an opening at the bottom to admit air 
at the centre of the flame. Raise the wick till it smokes. Apply the finger to the 
opening, and the flame becomes more du]l and smolcy. Remove the finger, and 
the flame brightens again. Now admit a jet of O at the opening, and the flame 
will whiten almost to the intensity of a lime-light. Great caution must be used, 
unless an oil-lamp be employed. The bright, clear flame shooting instantly 
through the cloud of smoke is very striking. 

55.— The structure of a flame is easily shown by taking a piece of white card- 
board about 3 inches square, and placing one edge against the wick of a lighted 
candle below the flame, and then bringing it quickly to a vertical position in the 
flame for an instant. On removing the card, there is burned on it a picture of the 
flame similar to Fig. 31. 

90.— Take the beak from a broken retort, draw out one end so that it will enter 
the air-hole b (Fig. 37) of a Bunsen burner. Place a turpentine lamp under the 
open end of the beak, held at an angle of 45°. The smoke enters the burner, and 
the non-luminous lamp becomes luminous, because the carbon is all burned. 

91.— 1. The compound blow-pipe with gasometers, as shown in Fig. 38, is a 
serviceable apparatus. If gas-bags are used, the one for H should be twice the 
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size of the one for O. A board should be laid on each ba^, upon which weights 
may be placed, when ready for use, so as to force out the gas steadily. Turn 
the stop-cock so that the H wil! pass out twice as fast as the O. Always ignite 
the H first, and then turn on the O slowly until the best effect is produced. If 
gasometers are used, press the inner receivers down to the bottom, and then 
pour in water until it reaches nearly the top. The rubber pipes may then be 
attached to the hydrogen or oxygen apparatus, and the gases passed directly 
into the gasometer. Proper pressure is produced, when the jet is to be ig^ted, 
by unloosing the strings from the inner receivers, and thus taking off the *^ lift " 
of the weights which equipoise them. Additional pressure is secured by bearing ^ 
down upon the receivers. All the metals bunvin tbe blow-pipe flame with their 
characteristic colors. Narrow slips should be prepared for this purpose. A 
mirror, and a cup for holding the chalk, arc necessary to show the lime-light. A 
piece of hard chalk or lime, whittled to about the size of a pencil, may be held 
in the flame to illustrate the principle. 

99.— X. To a small gas-jar fit a good cork, through which pass a test-tube as 
shown in Fig. 42. Place the jar in a large beaker-glass or open-mouthed bottle, 
filled with spring water, which has been mixed with a fourth of its bulk of a 
solution of carbonic acid in water. Fill the tube with water, and place it in the 
neck of the jar, having introduced a few sprigs of mint or the leafy branches of 
any succulent plant ; then expose for an hour or two in direct sunshine. Bub- 
bles of gas will be seen studding the leaves ; and on shaking the jar they will 
become detached, and will rise into the test-tube. After a time the cork and 
tube may be withdrawn, keeping the mouth of the tube beneath the surface of 
the water ; then close it with the thumb, turn the tube mouth upwards, and test 
the gas with a glowing splinter. The wood will burst into a blaze, showing that 
the gas consists mainly of O. 

102.— 1. Put in the flask two ounces of NaCI and an ounce and a half of MnO,. 
Pour on enough water to reduce the mixture to a thin liquid. Shake the flask 
until the whole interior is moistened. Insert the cork and delivery-tube ; the 
middle bottle (B), shown in Fig. 43, is not necessary. Fill the pneumatic tub * 
with strong brine or warm water ^ using as svtall a quantity as possible^ since 
water absorbs the gas. Pour in an ounce of HjSO^ through the funnel tube (F), 
or directly at tbe nozzle, by removing the ground stopper, if a kind of flask be 
used which has one. The gas will come off at once, even before the heat is 
applied. Collect the gas in bottles and use directly, if convenient, otherwise put 
corks in them and rub the nozzles well with tallow.t Pass the gas through a 
tumbler of cold water ; this will form chlorine- water, which should be bottled 
and kept in a dark place, or wrapped in black or yellow paper.t 

2. Plunge a lighted taper into the gas : it will bum feebly, with a red, smoky 
flame. 

3. Place a piece of dry phosphorus in a copper deflagrating-spoon ; introduce 
it into a bottle of CI : the phosphorus will take fire, and bum with a pale green- 
ish flame, while suffocating fumes of phosphoric chloride (PCI,) are formed. 

* If this be large, use a tin pan in its place, and have a pail of warm water for 
filling the bottles. 

t A better way is to fill the wash bottle B with HaSO^ and collect in dry glass 
stoppered bottles by displacement. 

% If the water is cooled to 5" C. while the CI is passed into it, the whole be- 
comes a mass of crystals, hydrate of chlorine. 
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4. Dip a strip of blotting-paper Into oil of turpentine; plunge it into a 
jar of Ct: it will immediately burst into flame, while a dense black smoke is 
given off. 

5. Powder some metallic Sb finely in a mortar, and spninkle int^ a jar of CI : 
it will take fire as it &lls, giving out fumes of antimony chloride (SbCis), which 
are very irritating. 

6. Pour a little boiling water upon some chips of logwood, so as to obtain 
a deep red liquid : add some of the solution of CI, and the red color will be 
discharged. 

7 Wrap a soda-water bottle in a towel ; fill it with water, and invert it in the 
pneumatic tub. Introduce a glass funnel into the neck, and having filled a jar 
of 100 c. c. capacity with CI, pass the gas into the bottle. Fill the same jar with 
H, and empty into the same bottle ; withdraw the i'unnel, close the neck with the 
palm of the hand, lift the bottle out of the water-bath, give it a shake to mix the 
gases, and apply a light. A sharp explosion will immediately follow, and 
gaseous HCI be formed. Equal measures of H and CI unite in this way, and the 
gas produced occupies the same bulk that its components did when separate. 
Sunlight will also cause tlie explosion of a mixture of CI and H. 

8. Fill a large jar with equal volumes of chlorine and olefiant gas (p. 82). 
Leave it standing for a while in difiused daylight ; oil drops will soon be seen 
standing on the sides of the vessel. It combines directly with the chlorine to 
form CaH^CIj, formerly called "The oil of the Dutch chemists." To this fact 
olefiant gas is indebted for its name, " oil builder." 

g. Mix together 2 volumes of CI and one of C^H, in a wide-mouthed jar, 
remove the cover and ignite. The CI combines with all the H, setting free all 
the C, which ascends as a thick black smoke. 

10. Burn H in CI, as shown in experiment of burning H in O. 

11. To show the manner in which CI acts as an oxidizing agent. To a solu- 
tion of MnSO^ add lime water and CI water. It turns black from the formation 
of MnO,. 

12. Print the word Proteus on a large card, first with the iodide-of-potas- 
sium-starch solution (note, p. 107), and second with a solution of indigo. The 
f rmer will be white and almost invisible, the latter blue. Then paint the words 
(using a camel's hair brush) with a solution of chlorine. The first line will turn 
blue and the second white, thus just reversing their color. 

105—1. Melt 200 or 300 grams of NaCI in a clay crucible at a good red heat, 
and. when melted, pour out the salt upon a dry stone slab. On cooling, break 
the mass into pieces of the size of a pea, and preserve them in a dry bottle. 
Introduce 50 grams of the chloride, and about twi^e its weight of HaSO«, into a 
flask provided with a cork and bent tube. CI gas comes off, even in the cold, 
but it is extracted still more abundantly when heated. Collect the gas in dry 
bottles by displacement. It may eaSfly be ascertained when the bottle is full, 
as a lighted taper will be extinj?uished if introduced. 

2. Fill a long-necked flask with the gas by displacement, close the neck with 
a perforated cork in which is a glass tube drawn out at the end, and immerse it 
in a basin containing infusion of litmus ; the blue liquid will rush into the flask, 
forming a fountain, and will become red. 

3. Fill a dry bottie by displacement with CI gas, and close the mouth with a 
glass plate. Withdraw the stopper from a bottle of the same size containing 
ammoniacal gas; invert the jar of CI over the one containing the H,N. and 
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remove the glass plale. The two invisible [-ases will suddenly combine, a dense 

^. Dilute a. \\M\e HCi wiih 6 or 8 times its bulk of watei. and add caustic soda 

restores the blue to i^d lltmus-paper. Pour the liquid into a basin, and erapo- 
rate it slowly ; crystals of NaCI will be deposited in cubes. 

;, Boil HCI in a test-tube with fraenients of gold leaf: they will not be dis- 

(»uCI,) will be quickly fanned. 
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107.— I. Fill three test-tubes nearly full of soft water.* Pour in one a few 
drops of a solution of mercuric chloride ; into the second, of sug^ar of lead ; into 
tlie third) of mercury subnitrate. Add to each of these a few drops of a solution 
of potassium iodide. The first especially will produce a brilliant color, mercury 
iodide ; the rapid change from yellow to red is very marked. On continuing to 
add the potassium iodide, the red precipitate will be dissolved and disappear. 

3. Make an additional quantity ot mercury iodide. Let it settle. Pour off 
the liquid, and then spread the sediment on a piece of heavy card-board, making 
a red spot as large as a silver dollar. Dry it carefully. Then heat very strongly, 
when it will turn yellow. Rub over the 3'ellow spot the point of a knife several 
times, bearing on very firmly, until a red mark can be seen. Lay away the 
paper for a day or two, and the red color will spread over the whole spot 
As a variation of this experiment to show how using different quantities of a 
substance may produce different results. Fill a glass half-full of the scarlet 
mercury iodide ; also a larger glass with the potassium iodide solution. Pour 
the thick scarlet liquid into the transparent one, and the color disappears as if 
by magic, and a glass of apparently limpid water reinains. Yet this second 
liquid which seems to swallow up the first was a part of the same which, when 
added to the mercury solution, originally produced the color. 

108. — I. Bend the end of a piece of thin platinum wire, 8 or zo cm. long, into 
a small hook ; heat the wire to redness, and instantly touch with the wire a 
crystal of borax as large as a split pea ; it will adhere to the wire. Then intro- 
duce the wire and crystal into the flame of a spirit-lamp. The borax will swell 
up, become opaque and white, and will then melt into a clear, glassy bead. 

3. Touch the bead just made, with a wire moistened with a solution of cobalt 
nitrate. .Then Qielt the borax again in the flame. A beautiful blue bead is 
obtained, which is almost opaque if the quantity of cobalt be considerable. If a 
scarcely visible fragment of manganese oxide be used, a violet bead is formed. 

3. Dissolve a few crystals of the boracic acid in a small dish with a teaspoon- 
ful of alcohol. Set fire to the spirit : it bums with a green flume, which is a good 
test for boracic acid. A similar green flame is obtained if a crystal of borax be 
moistened with glycerine and kindled as before. 

110.-1. Grind a little glass to a fine powder in a mortar ; place it on a piece 
of moistened red litmus-paper ; sufficient alkali will be dissolved by the water to 
tinge the paper. 

2. Mix a little fine sand with KNO, and Na,CO,, and heat strongly on a strip 
of Pt foil for 5 minutes. When cold it will dissolve in HaO. 

3. Take some of the silica obtained in the experiment of making sHF,SiF«, and 
put it in a strong solution of KHO and boil. It will dissolve.t 

4. Take four glass cylinders 5 in. high, and pour into each about x oz. of 
ordinary water glass and 4 oz. of water. Drop into one a few crystals of iron 
sulphate, into another some crystals of blue vitriol, into the third white vitriol, 
into the fourth a crystal of each. Let them stand quietly for 24 hours. In the 
first, green fibers will be seen resembling very closely a growing plant ; blue and 
white ones will appear in the others. If closely corked they can be kept for weeks. 

* Melted snow, or very clear rain-water, will answer the place of distilled 
water in making solutions, etc., for experiments. 

t The infusorial silica, sold under the name of electro-silicon, will dissolve in 
KHO in the snmc manner. A basic silicate known as '^ water glass,^' or ^' soluble 
glass," is prepared in this way. 
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5. Pour X oz. of water-glass into a capsule and pour on it half as much HgSO^, 
taking care that ihe two do not mix. Pour immediately, but slowly, into a 
second capsule ; the silica separates in long tubes resembling stalactites. 

lis.— I. Melt a quantity of S, either the flowers or brimstone, in a test-tube. 
It is at first thick and dark-colored, but after continued heating regains its fluidity. 
Warm the side of the tube all the way to the top, and pour the liquid into water. 
It will form an elastic gum, which can be moulded into any desired form. 

3. Heat a piece of brimstone in a test-tube. Afler a little the S will sublime 
and collect in the upper part of the tube as flowers of sulphur. 

3. Fill a cup with briq^tono and melt it with a gentle heat. Set it aside to 
cool. When a crust has formed on top, break it and pour out the liquid con- 
tents. If the cup be broken when cold, the bottom will be found covered with 
long crystals of S. 

4. Pulverize some brimstone and put in a test-tube and cover with CS,. Put 
the tut>e in warm water until the S dissolves, then cork it tightly, or, better, place 
it on a watch-glass under a bell-jar, and let it stand until crystals separate. They 
have a different form from those obtained from fusion. The more slowly they 
separate the larger they will be. 

5. Put a piece of S in a test-tube and above it some copper turnings or scraps. 
Heat the sulphur until it boils. The Cu bums brightly in the vapor of S. Fe and 
Pb will also bum in S vapor. 

11U.—1. SO, is conveniently prepared by heating H,SO« and Cu (Fig. 43), 
drying with HsSO«, and collecting by displacement, as it is quite soluble 
in water. 

117.— I. Pour a little strong sulphuric acid into a test-tube. Place a splinter 
of wood in it : the wood will be blackened in a few minutes. Pour i c. c. of 
strong HgSO« into a tube containing 3 or 4 c. c. of water : considerable heat will 
be felt to attend the mixture.* Take a little of this diluted acid, and with a 
foather dipped into it trace a few letters upon writing-paper. Hold the paper 
near the fire : the water will evaporate, leaving the acid behind ; this will soon 
blacken the paper. 

3. Pour I oz. of strong H.SO^ into s oz. HgO, and allow it to cool. Immerse 
In it a few sheets of dry unsized paper, remove and wash thoroughly. When 
dry they are very tough and stiff and resemble parchment Wet a piece of this 
parchment paper and stretch it over the top of a beaker and tie it tightly. When 
dry it is perfectly smooth and firm. With the wet finger trace a letter upon a 
sheet of paper before putting it into the acid ; on takmg it out the wetted portion 
drops out (p. 189). 

3. Dissolve some sugar in a very little water, so as to form a thick symp. Put 
it in a tall beaker and pour on strong H,SO« until it begins to swell up and 
blacken. The H,SO« removes the H,0 from the sugar, leaving only C behind. 
(Note, p. 190.) 

4. Mix 4 oz. H,SO« and x oz. pounded ice or snow. Stir it with a test-tube 
containing a little ether ; the ether soon boils. 

5. Mix I oz. H,SO« with 4 oz. snow or pounded ice, and stir it with a test-tube 
containhig cold water ; the water soon freezes. The vessel in which the experi- 
ment is performed usually freezes fast to the table so that it is well to set it on a 
plate or small board. 



* In mixing H,SO« and H,0 always pour the acid tnfo the water. 
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6. Place in the evolution-flask half an ounce of FeS. Cover this with water, 
and then pour through the funnel H^SOf, until the gas comes off freely. It may 
be passed into a glass of cold water. This solution must be bottled and closely 
corked. The gas may be tested directly, as mentioned m the text. 

7. Add some of the solution to a dilute one of antimony tartrate: a beautiful 
oi'ange-colored precipitate of antimony sulphide will be separated. With a dilute 
solution of tin chloride, a yellow, tin sulphide ^^ill be formed ; and with a solu- 
tion ot copper sulpliate, also largely diluted, a brownish-black, copper sulphide 
will be obtained. (See Chapter on Qualitative Analysis.) 

118.— 1. Place a few drops of the disulphide in each of four test-tubes. To one 
add a little powdered sulphur, to a second a few minute scales of iodine, to a third 
a fragment of phosphorus, and to a fourth a few drops of water. Notice the beau- 
tiful color produced by the iodine ; the solution of the sulphur and the phos- 
phorus ; the insolubility of the liquid in water ; and also its retractive power. 

120.— I. Cover a stick of phosphorus with dry, finely-powdered charcoal. It 
will soon ignite. 

2. Put in a vial half an ounce of sulphuric ether and a half-dozen pieces of 
phosphorus not larger than gp-ains of wheat. Thoroughly shake and then set 
away. Repeat the shaking often. When the phosphorus is dissolved, pour a 
little of the solution on the hands, and when briskly rubbed together in a dark 
place they will glow with a ghostly light. 

3. Pour some of the solution on a lump of loaf-sugar. Drop this in hot water, 
when the ether will catch fire. 

4. Place a few grains of KCIO3 on a brick and pour over them some of the 
solution. The ether soon evaporates and the mixture explodes. 

5. Dissolve I or 2 decigrams of phosphorus in a c. c. of carbon disulphide in a 
test-tube ; poui a little of the solution upon a piece of filtering-paper, and allow 
it to dry. The phosphorus will be left in a finely divided form, and will set fire 
to the paper in a few minutes. The ether Eolution may be used instead. 

6. Place a bit of phosphorus in a solution of silver nitrate. In the course of a 
day or two it will be covered with brilliant crystals of reduced silver. Repeat 
with CuSO^ solution. 

122.— I. Dissolve 4 grams of caustic potash in 16 grams of water ; place it in a 
omall flask of about 50 c. c. capacity, and add 3 or 3 decig^^ms of phosphorus ; 
immerse the delivery tube just below the surface of water m a small capsule, and 
heat the mixture gently. Bubbles of gas will form in the retort, and will break 
with a flash and a slight explosion upon the surface of the potash solution. By 
degrees the air of the retort will be deprived of all its O, and then the bubbles of 
gas, as they escape into the air, will take fire, producing a white wreath of phos- 
phoric anhydride, which forms a series of ringlets, revolving in vertical planes 
around the axis of the wreath itself as it ascends.* 

12k.— I. Boil X gram of arsenious anhydride with three of potassium carbonate 
in 100 c. c. of water till it is dissolved, and add it to a solution of 3 grams of cop- 

• There is danger of breaking the flask by the bursting of the bubbles of gas 
within it before the air has all passed out. A tea-spoonful of ether placed in the 
retort before the heat is applied will at once be vaporized, and will carry out the 
air. Great caution, however, is then necessarv, as the ether-vapor is very 
inflammable. A better way is to fill the flask and its delivery* tube entirely with 
water. Still another method consists in fitting the flask with a second tube 
reaching to the bottom of the flask, and passing H gas through it both before and 
after the experiment. 
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▼)er sulphate in loo c. c. of water: a beautiful green precipitate oiScheeUs Green 
(CuHAsO J wUl be obtained. 

2. Add a few drops of a solution of arsenious anhydride to 200 or 300 c. c. of 
water, and then 3 or 4 c. c. of HCI ; place in the liquid two or three slips of bright 
copper foil, and boil the whole for a few minutes : the copper toil will become 
coated with a steel-gray film. Part of the Cu becomes dissolved, and displaces 
the arsenic, which is thrown down on the undissolved portion. Pour ofif the 
water, dry the Cu on blotting paper, and heat the toil in a tube, sealed at one 
end. The arsenic will sublime, condensing in minute octahedra on the cold 
sides of the tube. This is ^«Vm<:^V /<?j/ for arsenic. (See note on p. 299.) 

3. Place I mg. of any As compound upon a fiber of asbestos and bring it into 
the upper part of a Bunsen gas-fiame, which has only a small luminous point to 
iU Hold a dish of cold water an inch or two above the flame. The As burns to 
AC3O3 and is deposited on the porcelain, but being white is invisible. Touch the 
spot with a neutral solution of AgNO,, then hold the stopper of the ammonia 
bottle near it, and blow some of the H3N vapor up>on it. A yellow stain appears. 
Touch a drop of aqua-ammonia to it and it disappears again, 

4. Compounds of As when heated on charcoal give off a garlic odor. 

13n.— \. Befoie throwing K on water, careiuUy pare off all the crust that forms 
on it and remove the adhering naphtha. Pour a gill of water into a deep glass 
>ar, throw in the K, and cover the jar to prevent accidents from flying pieces of 
tlie burning metal. View the flame through a piece of dark-blue glass. 

2. Burn some dry brushwood ; collect the ash, wash it with five or six times 
its bulk of water, and filter. Test the solution with a piece of reddened litmus- 
paper, which will become blue. Evaporate the solution to dryness in a small 
porcelain dish. If the dry mass be left exposed to the air for a few hours it will 
become moist. The potassium carbonate, of which it chiefly consists, attracts 
moisture rapidly and deliquesces. To a portion of the salt add a few drops of 
HCI : brisk effervescence occurs. 

3. Place 30 grams of pearlash in a half-litre bottle, and dissolve it in 250 c. c. 
of water. Shake 20 grams of quicklime with five or six times its bulk of water, 
and add the pasty mixture (about 120 c. c. in bulk) to the boiling solution of 
pearlash. Agitate the mixture, and let it stand till it is clear. Pour off a portion 
of the liquid: it is a solution of caustic potash. Add to it some HCI : no efferves- 
cence will occuri Agitate a tablespoonful of olive oil in a small vial with 3 or 
4 c. c. of the caustic solution diluted with ten times its bulk of water : a milky- 
looking liquid will be formed, which is the first stage in the making of soap. 

4. Pulverize finely nitrate of potash and chloride of ammonium, five parts of 
each, and mix with sixteen parts of water. The temperature of the mixture will 
be reduced so low that if a test-tube with a little water in it be used to stir it, the 
water in the tube Mrill be converted into ice. 

lSO.—\. Pass CI gas into a solution of KHO ; yoii will have a solution of potas- 
sium hypochlorite, which possesses strong bleaching properties. Continue to 
pass in CI until it is no longer alkaline, when crystals of KCIO, will separate. 

3. If 4 measures of the cold saturated solution of potassium bichromate be 
mixed with 5 of oil of vitriol, and the liquid be allowed to cool, chromic anhydride 
crystallizes in crimson needles, wh'ch may be drained and dried upon a brick. 

iil. — T. The salts of K and Na may also be distinguished in the following man- 
ner: To a pretty strong solution of the salt in question add a solution of tartari 
add, and stir the mixture with a glass rod. It K be present, white, gritty crystal 
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of cream of tartar (KH,C«Oe) will be deposited, but no such precipitate will 
occur with salts of Na. 

2. Make a saturated solution of NaCi and allow it to crystallize slowly; hop- 
per-shaped crystals result. Better crystals are formed if the water contains a 
little sugar. 

3. Make a second solution and add MgClj to it ; the crystals will be cubicaL 

4. Take a small saucepan, and, having made a little pool of water upon a 
wooden stool, set the saucepan upon it ; then throw in a handful of snow or 
powdered ice, and a handful of common salt ; now stir with a stick, and the cold 
will freeze the saucepan to the stool, even before a large fire. 

1S3. Fill a tall cylinder with a clear saturated solution of NaCI, and pass into 
it at the same time strong currents of H3N and CO, gases. A precipitate oi 
NaHCO, falls. This is known as the Solvay Ammonia soda process. The solu- 
tion contains NH^Cl, from which H,N may be recovered by treating it 
with CaO. 

1S7, — X. Place a few lumps of black marble in the open fire, or in an open 
crucible with a hole at the bottom, and heat it strongly for an hour or two. 
When it is completely converted mto quicklime, the lumps, when broken across, 
will be quite wkite. 

13S.—I. Into a tumbler of pure water pour a teaspoonful of lime-water and 
pass CO, into it. At first it becomes milky owing to the formation of CaCO,, 
but the precipitate afterwards dissolves in the excess of CO,. Pour some of this 
clear solution into a test-tube and boil ; the CO, is expelled and the water 
becomes milky. Such water is said to be " temporarily hard." Fill a second 
test-tube with the clear solution and add a little lime-water ; a precipitate is also 
produced. Hard water may be softened either by boiling or, paradoxical as it 
seems, by adding lime-water. Water which contains CaSO^ in solution is said 
to be '* permanently hard," because it cannot be softened in this way. 

1S9. — I. Select a medal suitable for the purpose ; paste a shallow rim of paper 
round it, so as to make it like the lid of a pill-box, and anoint the surface of the 
medal very lightly with oil. Mix a little of the dry plaster with water till it 
becomes of the consistence of thin cream ; apply it carefully with a hair-pencil 
to every part of the surface, so as to exclude air-bubbles ; then pour a thicker 
mixture into the mould. Allow it to remain for an hour. The cast may then be 
removed : it will be a reversed copy of the medal. 

lUl. — I. Place a little of some magnesium salt on a platinum wire moistened 
with a solution of cobalt nitrate. A pink residue will be obtained on heating the 
wire in the outer part of a Bunsen gas-flame. 

2. Add to a solution of any magnesium salt, such as the sulphate, a solution 
of potash : a white precipitate of hydrated magnesia is formed. Excess of alkali 
will not re-dissolve it. Lime-water produces a similar precipitate. 

151. — X. Allow a drop of HNO, to fall ui>on a slip of polished steel : a dark 
gray spot is produced, owing to the solution of the metal in the acid, while the C 
is left. If the acid be dropped upon a slip of iron a green stain is formed. 

2. Take a strip of steel (watch-spring, corset steel, or piece of hoop-skirt), and 
render it magnetic by rubbing with a magnet (Physics, p. 214). Dip it into iron- 
filings and hold them in an alcohol flame. They take fire and bum. 

3. Pulverize a salt of iron and heat it with NagCO, on charcoal or on a 
match stick (p. 257). A bla^k powder (FejOt) is obtained, which is attracted oy 
the magnet. 
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155. — I. Heat a bar of Iron white-hot, and bring it in contact with a roll of S 
over a pail of cold water. The S and Fe immediately unite, and form drops of a 
reddish-brown color, which fall into the water. This is ierrous sulphidei FeS, 
useful in making H2S for laboratory purposes. 

2. Potassium permanganate (KaMngOs) may be obtained by mixing 40 grama 
of finely-powdered manganese dioxide with 35 grams of potassium chlorate^ and 
adding a solution of 50 grams of cdustic potash to the mixture, evaporating to 
dryness, and heating the powdered residue to dull redness m a clay cruciblci 
When cold, the mass is treated with water, and decanted from the insoluble 
residue ; a splendid purple liquid is obtained, which on evaporation yields 
needles of the permanganate. 

3. Pulverize a few crystals of permanganate and dry them In a capsule held 
for a moment over the flame. Pour on them a few drops of the strongest H,SO«. 
Bring the dish in front of an H generator or direct against it a fine jet of illuminat- 
ing gas. The gas takes fire from the ozone liberated. 

4. Make a strong solution of the permanganate and heat to boiling in a test- 
tube. Pour m a few drops of glycerine ; the latter is oxidized so violently that 
a flash may be seen, and part of the liquid is ejected from the test-tube. 

5. The permanganate test /or impure water. Take 4 parts of potassium per- 
manganate and 4 parts of potassium hydrate, and dissolve in 160 parts of freshly- 
distilled water. One minim of this solution placed in a test-tube of distilled 
water, remains of a beautiful pink hue for several days, but if the minutest trace 
of egg albumen be added to the same quantity of water, it will be Infallibly 
detected. So, if on the addition of a minim of this solution to a wine-glass of 
water from any well used for drinking purposes, the water, after a few hours, 
gives a brown isli precipitate with loss of color, such water contains an abnormal 
proportion of organic matter, and is injurious to health. 

157. Make a transparent solution of zinc sulphate (white vitriol) so abundantly 
formed in preparing H gas. Take a glass half-full of this solution and another 
half-full of strong ammonia. Pour (hem together, and if the proportion be 
properly calculated, the two liquids will form a solid so dry, apparently, that on 
inverting the glass containing it, not a drop will fall out. Cold will be produced 
by this change from a liquid to a solid state. (See Physics, p. 187.) 

168.— X. Fill a test-tube nearly full of H,0. Pour in it a few drops of the 
solution of copper sulphate. Add H,N, and a blue precipitate will be formed. 
Notice the change from green to blue. The copper sulphate may be readily 
prepared for this experiment by covering a copper cent with dilute oil of vitriol. 
This experiment may be made to show the divisibility of matter by weighing the 
cent, findi.-^g what proportion of the whole solution you use, and then experi- 
ment to see what quantity of water can be taken and yet have the blue color 
perceptible in the ammonia test. 

3. Besides the ammonia test for copper, the metal may be detected, (x) by the 
red metallic deposit formed on a polished plate of iron if dipped into a solution 
ot the salt, (a) by the black insoluble sulphide produced by H,S, and (3) by the 
blue hydrate turning black on heating. 

i60.— I. If a water contain lead, even in minute quantity, its presence is easily 
a.scertained by taking two similar )ars of 25 c. m. high, of colorless glass, filling 
both of them with the water, and adding to one of the jars 3 or 4 c. c. of a solu> 
t:on of sulphuretted hydrogen. A quantity of lead less than one part in two 
millions is easily perceived by the brown tinge occasioned, on looking down upon 



270 DIRECTIONS FOR EXPERIMENTS. 

a sheet of white paper ; the jar to which the test has not been added serving as a 
standard of comparison. 

IGS.-i. Place a little gold leaf in two test-tubes; to one add HNO,, to the 
other HCI. Even when heated, the gold leaf will remain unaffected in each. 
Pour the contents of one tube into the other: the Au will disappear with effer- 
vescence. Evaporate this solution in a small porcelain dish till the acid is nearly- 
all driven off: gold chloride will be lett. 

2. Dilute the solution with 3 or 4 c. c. of H^O. To a portion of this liquid add 
a solution of ferrous sulphate : a brown precipitate of finely divided reduced Au 
is obtained, and iron chloride is formed. 

1G7.—1. Dissolve a ten-cent-piece in HNOj. The solution has a bluish color, 
owing to the presence of the Cu. Dilute with 200 c. c. of water ; then add a solu- 
tion of NaCI so long as it forms a precipitate ; white flakes of silver chloride are 
formed. Stir the mixture briskly with a glass rod ; the precipitate will collect 
into clots. Filter the solution. The presence of Cu may be found in the clear 
liquor by adding to a portion of the liquid H^N in excess: a blue solution is 
formed. Place the blade of a knife in another portion of the filtrate ; it will 
become coated with metallic Cu, 

2. Take the precipitated silver chloride, and after having washed it well on a 
filter, place it in a wine-glass with a little water ; add two or three drops of 
HaSO^, and then place a slip of Zn In contact with the chloride, and leave it for 
twenty-four hours. The chloride will be reduced to metallic Ag, which will have 
a gray porous aspect, while zinc chloride will be found in solution. Lift out the 
piece of Zn carefully ; wash the Ag first with water containing a little H.^SO^, then 
with pure H.^0. Dry the residue. Place a small quantity of it upon an anvil, 
and strike it a blow with a hammer ; a bright metallic surface will be produced, 
llace a little of the gray powder upon charcoal, and heat in the flame of a blow- 
pipe: it will melt into a brilliant malleable bead. Dissolve another portion in 
HNOj ; red fumes will escape, and silver nitrate be obtained in solution. 

3. Fill a vial half-full of a solution of silver nitrate and add a few globules of 
Hg. The Ag will be precipitated in a few days, forming the *' silver tree." 

4. Place a crystal of AgNO, on a piece of charcoal and heat in the reducing 
blow-pipe flame. The coal becomes covered with a film of metallic Ag. 

5. Float a sheet of sized paper on an NaCI solution. When dry, float it for 
3 minutes on a solution of AgNOj and dry m the dark. Press a fern leaf on a 
piece of glass, lay a sheet of this paper on it and then a thin board as large as 
the glass. Clamp them together with clothes-pins, and expose to direct sun- 
light. When sufficiently black place in a solution of ** hypo," and wash for 
24 hours. 

6. In performing the experiment given at the bottom of p. 167, do not allow 
the solution to remain in the test-tube, but throw it away at once, as the black 
precipitate deposited, wAen dried^ Is powerfully explosive and is known as ful- 
minating silver. 

191.— 1. Put a little AgNO, solution in a test-tube and add aqua-ammonia 
slowly until the brown precipitate has again dissolved. Pour some of this into 
a second test-tube and add a solution of grape-sugar. On boiling, the silver 
will be reduced in the form of a brilliant mirror on the side of the tube. 

2. Take a solution of CuSO, and add enough tartaric acid to prevent its being 
precipitated by KHO. Then add enough KHO solution to make it strongly alka- 
line. Pour some of this solution into a dilute solution of grape-sugar and boiL 
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Th Mntensely blue color disappears and a red precipitate of CujO is produced. 
This is called Fehling's test, and is employed to detect sugar in diabetic urine. 

192.— X. To one gill of water add fifteen or twenty grains of strong H.^SO,. 
Place in a large flask and heat. Wiiiie boiling, drop in slowly two drams of 
starch, finely powdered. Boil for several hours, adding water as may be neces- 
sary. Finally, drop in slowly fine chalk until the liquid is neutral ; then cool, 
filter off the calcium sulphate, and evaporate the liquid to a syrup. 

193.— X, Dissolve i oz. grape-sugar in lo or. of water and add a small quan- 
tity of yeast. Place the mixture in a flask connected by means of a glass tube 
with a second flask (Fig. 45) containing lime-water. Let it stand 34 hours in a 
warm place. The lime-water will become milky from the formation of CaCO^. 
The contents of the flask will have an alcoholic odor, and by distilling, a dilute 
alcohol could be bbtained. 

157.— 2. Mix together siowly 2 oz. of alcohol jand 2 oz. of H.SO^, and heat to 
X50" C. in a retort connected with a cooler. Ethylic ether distills over. 

3. After washing out the retort used in the last operation, introduce into it 
3 oz. potassium acetate, 3 oz. alcohol, and 3 oz. H^SO^. Mix the alcohol and 
acid, and pour upon the pulverized salt ; heat gently. Ethyl acetic ether is 
formed. 

3. Heat a mixture of 2 oz. potassium acetate, 1 oz. Hj^SO^, and i oz. amy lie 
alcohol. An artificial oil 0/ pears is produced. 

199.— 1. Pour a little alcohol into a small beaker and suspend over it a strip 
of Pt foil which has been heated until it glows. It will continue to glow owing 
to a slow oxidation of the alcohol vapors. The peculiar penetrating odor 
observed is due to aldehyde, 

gOO.—i, Marsh gas, CH4 (p. 81), is made by heating a mixture of 2 parts 
sodium acetate, 2 parts KHO, and 3 parts powdered quicklime in a tube of 
hard glass or a metallic retort, a high temperature being required. 

2. Heat a mixture of NaCI, methylic alcohol, and H.^SO^. A colorless gas, 
CH^CI, is obtained, which bums with a beautiful ^r^^^ flame. 

206.— I. Mix together in a test>tube equal quantities of HaSO« and HNOj, and 
when cold, allow some benzole * to flow into it, drop by drop. On pouring the 
mixture into water It will be found that the benzole no longer floats on water as 
before, and has acquired a very agreeable odor. An atom of H has been 
replaced by NO,, forming the poisonous nitro-benzole^ CoH.NO,. 

jSlk.^1, Dissolve X grain of quinine sulphate, in water acidulated with 
H,SO«. It exhibits in a dark room a beautiful fluorescence. Add chlorine-water 
and then aqua-ammonia ; a bright green color is produced, characteristic 
of this alkaloid. 

216. — I. Fill three tall cylinders nearly full of water; to one add enough 
cochineal solution to color it faintly pink, to a second a little litmus. To each 
add some aqua-ammonia and then a solution of alum. In 34 hours a pink pre- 
cipitate is seen in the first, a blue in the second, and a white in the third, while 
the liquid in each has become colorless. These precipitates are called lakes. 
Dirty water becomes clear when treated with alum and ammonia. 

219.— X. Fill a test-tube one-sixth full of swreet oil, add a little ammonia, and 
nearly fill with water. The constituents remain separate. Shake thoroughly, 

* Benzine from petroleum, does not possess this power of forming nitro 
compounds. 
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and they will combine, forming a thin, soapy liquid. Add an acid, and they will 
separate at once. 

823. — The followin;]^ experiment shows that albumen in the presence of starch 
is not coagulated, even at a boiling temperature. It makes a fine class illustra- 
tion of catalysis. Mix 50 grains of pure starch with i fluid-ounce of water. 
Dilute the albumen of one egg to make 3 fluidrounces and strain through muslin. 
Mix the two solutions and boil. There will be no coagulation or precipitate. 
Filter. Add a drop of nitric acid to the clear liquid, and instantly a dense white 
coagulation will be formed. 

9S9.—1. Fill a test-tube one-third full of fresh milk and add an equal volume 
of water, then a little acetic acid (or rennet), and allow it to stand a short time ; 
filter out the precipitate and wash with water. The precipitate consists of casein 
and fats. The filtrate contains sugar, as may be shown by its reducing action on 
an alkaline solution of tartrate of copper. Remove the precipitate from the filter 
and shake it up in a test-tube with ether. This dissolves out the fieit Filter 
again ; let the filtrate evaporate and the fat will be left in a pure state. 

3. Evaporate a larger portion of milk to dryness, and heat until the residue 
is quite white. Dissolve in water, filter and test for NaCI with AgNO,. 

8S0. — I. Mix intimately xo grains of gelatine with 50 grains of soda-lime, and 
heat strongly; NH, gas will be evolved and can be detected by its odor, its 
action on reddened litmus-paper, and by fuming with HCI. 

9. Make a dilute solution of gelatine and add a solution of tannic acid ; a 
leathery precipitate is formed (p. six). ' 

3. Mix together equal volumes of a solution of gelatine and a solution of 
KaCr.jOT, and add a little tincture of logwood. Pour it into a flat dish and float 
upon it a sheet of unruled writing-paper and dry in the dark. Expose under a 
negative (p. z68) or fern leaves, to direct sunlight for an hour, then wash 
thoroughly with warm watsr. Bichromated gelatine is rendered insoluble by 
exposure to sunlight. This principle is employed in all photo-engraving 
processes. 

9S3.—A. number of instructive experiments may be shown to prove the power 
of the sunbeam. 

I. Mix together equal volumes of dry CI and CO, and expose to direct sun- 
light. They combine quietly without explosion to form a colorless gas of pun* 
gent, suffocating odor, called Phosgene gas. The volume of gas formed is only 
half that of the gases employed. 

3. Mix together equal volumes of H and CI, in the dark, fill a small glass bulb, 
and throw it up into a bright beam of the sun, when it explodes with violence. Do 
not at any time hold the bulb in the hand or within several feet of the eyes. 

3. Plants decompose CO, in the sunlight. (See p. gg.) 

4. The ordinary photographic process, as given on p. x68, is a good illustra« 
tion of the power of the sun's rays ; also that given with gelatine on this page. 

5. Dissolve I gram of ammonia-citrate of iron in ao c. c. of water ; add to it 
30 c. c. of a solution of K^FeCya made in the same manner. Keep the mixed 
solution in the dark. Float a sheet of white paper on the solution and allow it to 
dry. Cover a plate of glass with black varnish, and before it dries write upon it 
with any sharp-pointed instrument. When perfectly dry, place it over a sheet of 
the prepared pap^r and expose two or three hours to bright sunlight. Remove and 
wash well in cold water. You will have the writing in blue on a white ground. 
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FOR BEGINNERS. 



prhe following pages on analysis were prepared by Prof. E. J. Hallock, 
Ph. D., of Boston.] 

In order to be able to analyze almost every inorganic substance 
met with in the arts, or sold in the shops, it is only necessary for 
the student to familiarize himself with the reactions of about twenty- 
six metals and a dozen acids. To be able to apply these tests with 
certainly, in all cases, and to know the easiest and best methods of 
dissolving the substance, constitute a qualitative chemist. 

For reasons which will appear farther on, metals are divided into 
five groups. 

The First Group embraces lead, silver, and the suboxide salts 
of mercury. They are classed together because they are the only 
metals whose chlorides are insoluble in acids. The student should 
take a solution of lead nitrate Pb (NOj),, formed by dissolving lith- 
arge in nitric acid, or some lead acetate solution (see page i6i), and 
try the following tests, making a note of his results. With HCI a 
white precipitate of PbClg is formed. This precipitate is filtered 
out, washed, and dissolved in boiling water. To another portion 
of the solution add H2SO4, a white precipitate of PbSO^, insoluble 
in H|,0. To a third portion add potassium chromate, K2Cr04, a 
yellow precipitate is formed ; to another portion add Kl ; a yellow 
precipitate is again produced, but it dissolves in boiling water, and 
forms beautiful crystals on cooling. 

Repeat each of these tests with silver nitrate, AgNO, {Experiment 
IG7).* The precipitate with HCI is insoluble in boiling HgO, but 
dissolves in NH4HO. With Kl it forms a yellowish-white precipitate. 
Repeat with mercurous nitrate, HgNOj, made by the action of very 

* These numbers refer to the chap, of Directions about Ezperinrents in the 
Appendix, p. 245. 
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dilute HNOj on an excess of Hg, in the cold. We have with HCI a 
precipitate of calomel (HgCI), (page 172), which is insoluble in Hj,0, 
and blackens on adding NH^HO, but does not dissolve. KI forms a 
greenish-yellow precipitate. 

Separating Metals of Group I.— Mix the solutions of the three 
metals, and add HCI. Filter, and boil the precipitate in water; 
filter hot, and to xYie Jilt rate add K8Cr04. The yellow precipitate 
proves that lead is present. Boil the residue in ammonia and filter ; 
to the filtrate add HNO,. A white precipitate proves silver present. 
The black insoluble residue is a compound of mercury (HgjH jNCI). 
The Second Group embraces the protoxide salts of mercury, 
together with Pb, Bl, Cu, Cd, As, Sb, Sn, Au, and Pt. They are pre- 
cipitated from acid solutions, by H^S gas being passed through the 
solution, as sulphides. (See Experiment 117.) Of these HgS, PbS, 
BijS;}, CuS, and CdS are insoluble in ammonium sulphide (NH4)2S. 
and constitute the first division of this group. The sulphides of the 
remaining five metals are soluble in (N 1-14)2 S, and form the second 
division. (NH4)2S is prepared, according to Fresenius, by saturat- 
ing a given volume of ammonia solution (specific gravity 0.96) with 
H.2S gas, and adding to it an equal volume of the ammonia. The 
solution, which is at first colorless, soon becomes yellow by keep- 
ing, or may be at once converted into the yellow sulphide by the 
addition of sulphur. It should yield no precipitate with magnesium 
sulphate (Epsom salt). This reagent is decomposed by acid, sul- 
phur being precipitated. 

Pass H^S gas into a solution of corrosive sublimate (HgCl^); a 
precipitate is formed which is at first white, then yellow, red, and 
finally black. It is insoluble in (NH4)2S, and in HNO,. When dis- 
solved in aqua regia it gives a grey precipitate with SnCl^. Repeat 
the first experiment with some lead solution ; a black precipitate is 
formed, soluble in boiling HNO.,. In this solution a white precipi- 
tate of PbSO^ is formed on adding H2SO4. Add a few drops of Ki 
solution to the original solutions of HgCl^, and Pb(N0:,).2 ; in the for- 
mer case the precipitate (Hgl2) is red, in the latter (Pbl^) it is yellow. 
These tests are characteristic of the metals when alone. {Experi^ 
ment 107.) Pass HjS into Bi(NO.,)., solution ;* a black precipitate , 
dissolve in HNO;, ; add a drop of H.2SO4 to prove it is not lead ; then 
cautiously add ammonia, which produces a white precipitate of 

' * When Bi solutions are diluted with water, basic salts are precipitated unless 
there be too much free acid present. This reaction is most sensitive with BiCls, 
so that HCI may be used to dissolve the Bi(NO J, for the H,0 test 
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Bi(HO);:. Repeat all the above experiments with CdS04 solution; 
the precipitate with H ,S is a beautiful yellow, soluble in HNO;,, but 
insoluble in KCy. Pass H^S in CUSO4 solution, and a brownish- 
black precipitate will be formed, soluble in HNO3 and in KCy. 
Salts of copper have a bluish color, which becomes more intense on 
adding NH4HO. (Experiment 158.) With potassium ferrocyanide 
(K4FeCy6) they give a reddish-brown precipitate insoluble in HCl. 

Separating Metals of Second Group, First Division. — After 
the student has made all the above reactions he may mix the solu- 
tions of the five metals and proceed to separate them. Some of the 
lead is precipitated by HCl, and is filtered out before H2S is passed 
through the solution. The precipitate with H2S is boiled in HNO.,, 
and HgS remains as a residue. When the solution is very acid, part 
of the H^S is decomposed and S precipitated, which must not be 
mistaken for HgS. To the filtrate add a little H2SO4 to precipitate 
any lead present ; filter and add NH4HO, when Bi(HO):, is precipi- 
tated. The precipitate, dissolved in aqua regia and concentrated by 
evaporation, should give a white precipitate if poured into water. 
The addition of NH4CI aids this. reaction. The blue filtrate from the 
Bl precipitate is boiled with KCy, care being taken not to inhale the 
fumes, and H^S added ; CdS forms a yellow precipitate. The pres- 
ence of Cu in the filtrate is proved by the formation of a reddish- 
brown precipitate with HNOj and K^FeCyg. 

The most interesting metal of group second, second division, is As. 
H3S in an HCl solution of As^O^ gives a yellow precipitate AsgSg ; it 
is soluble in (NH4)gS, and in (NH4)8C03. The neutral salts of arsen- 
ious acid yield with AgNOg, yellow precipitates, AggAsOj soluble in 
HNO3. A small piece of bright green wall-paper usually contains 
enough of this metal to give several characteristic tests. Apply a 
single drop of nitric acid to the paper ; a moment after neutralize 
with ammonia and observe the color, a deep blue always indicating 
copper. When the white fumes have nearly disappeared, apply to 
the same spot a drop of AgNO;, ; a yellow ring indicates As. The 
most delicate test for As as well as Sb is Marsh's test (see page 124). 
Tlie mirror formed by As on porcelain is soluble in bleaching pow- 
ders (see page 106), sodium hypochlorite, also called Labarraque's 
solution (see note, page 104), etc. ; that of Sb is insoluble in these 
(see note, page 173). If AsH., is passed into AgNOg, metallic Ag is 
precipitated and enough HNO., is set free to keep the yellow Ag;,AsO:, 
in solution until it is boiled with sodium acetate, when the precipi- 
tate reappears. (Experiment 124) 
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Antimony closely resembles As in its reactions. Pass HjS into 
a solution of tartar emetic {Experimeni 117 ^ 7), and an orange-colored 
precipitate, Sb^Sg, will be formed, soluble in (NH4)2S, and on add- 
ing dilute HCl to this solution it is reprecipitated. This precipitate 
is soluble in strong HCl, while the corresponding. arsenic precipitate 
is not, Put some of the Sb solution in a new Marsh's apparatus. 
The mirror is insoluble in bleaching powders. 

Tin dissolves in HCl, but is oxidized to a white powder by 
HNOj without dissolving. There are two series of tin salts ; SnCl, 
gives a black precipitate with HjS ; SnCl^ a yellow precipitate with 
HjjS, both soluble in yellow (NH4)3S. AuCl;, is a test for Sn. SnClj 
forms with an excess of HgCl^, a white precipitate of HgCl ; bat 
when SnClj is in excess a gray precipitate of Hg is formed. On add- 
ing dilute HCl to the (NH4)2S solution of the sulphide, it is repre- 
cipitate yellow, even though it may have been black before it was 
dissolved. It dissolves in strong HCl. 

Gold and platinum are distinguished from all other metals by 
their insolubility in HCl or HNO,, but are converted into soluble 
chlorides by aqua regia. The characteristic test for Au salts is SnCl .» 
mixed with SnCl4, the purple of Cassius being formed. PtCl4 will 
give a yellow precipitate with NH4CI and alcohol, (NH4)gPtCl,. 

Separating Metals of Second Group, Second Division.— 
Into an acid solution of Sn, Sb, and As, pass HjS gas ; filter and 
dissolve precipitate in (NH4)2S to remove any members of first 
division present. Reprecipitate the sulphides with dilute HCl, filter 
and wash. Then dissolve in strong HCl ; if a residue remains it is 
probably AsgSg. Test this as described in Experiment 124y 3 (page 
267), or in Marsh's apparatus. The soluble portion contains Sb and 
Sn. Put this in another Marsh's apparatus ; the mirror will be insol- 
uble in hypochlorites. When the zinc has all dissolved, take the 
residue and dissolve it in HCl and tested for Sn with HgClj. 

As Au and Pt are seldom to be sought for, this part of the separa- 
tion may be omitted. The mixed sulphides of Au, Pt, As, Sb, and Sn 
may all be placed in Marsh's apparatus, as directed in the table on, 
page 288, when the As and Sb combine with H,and are separated by 
passing the AsHg and SbHg into AgNOg. The metallic Sn, Au,and Pt 
remain in the H generator ; the Sn is then dissolved out with HCl, 
and tested with HgClg ; the Au and Pt are dissolved in aqua regia 
and tested in separate portions of the solution as above described. 

Group Third embraces Co, Ni, Fe, Cr, Mn, U, Al, and Zn. They 
are precipitated by(NH4)3S from neutral or alkaline solutions. 
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The characteristic test for Co, is the blue color imparted to a borax 
bead. Ni alone gives, in the outer blow-pipe flame, a reddish-brown 
bead, in the inner gray. Both give with (NH4)2S black precipitates 
insoluble in dilute HCl. If KNO^ and acetic acid are added to a 
solution of Co and Ni, the former is slowly precipitated and not the 
latter, To a solution of FeS04, ^^^ ^ drop of potassium ferricya- 
nide (K^FcgCyig) ; a blue precipitate is formed. To another portion 
add (N 1-14)28 ; a black precipitate is formed, soluble in dilute HCl, 
from which solution it is re-precipitated by NaHO, as Fe(H0)2. 
Repeat the latter test with ferric chloride (FegCl,) and the same 
result is obtained. Fe^Cl^ gives with K4FeCy, a precipitate 
of Prussian blue. Into a glass of water place one drop of Fe^Clg, 
and add potassium sulphocyanide (KCyS) ; the liquid acquires a 
beautiful red color. Iron salts also give characteristic colors to 
the borax beads. To a solution of MnS04, add (NH4)2S ; a flesh- 
colored precipitate is formed, soluble in HCl, re-precipitated on 
boiling in NaHO, as Mn(H0)2. The borax bead with Mn acquires 
an amethyst-red color (see note, page 109) in the outer blow-pipe 
flame. Fused wit^ Na2C03 and KNOg a green mass is formed. 
(NH4)8S gives with the salts of Cr, a greenish precipitate of 
CrgCHO),, soluble in HCl, and re-precipitaled by NaHO. Fused 
with Na2COs and KNOg it forms the yellow potassium chromate 
^t^tO^. When this^is dissolved in water and acidified with acetic 
acid, it yields a yellow precipitate with Pb(N03)8. To a solution 
of alum add (NH4)2S ; it forms a white precipitate soluble in dilute 
HCl. To the second portion add NH4HO, a white precipitate ; and 
to a third add NaHO and boil ; the white precipitate at first formed 
dissolves again. To a solution of ZnS04, obtained in Experiment 50, 
page 252, add NH4HO slowly. The white precipitate at first formed 
dissolves when more NH4HO is added. In this solution HgS causes 
a white precipitate of ZnS. 

Separation of Metals of Group Third. — Some NH4CI and 
NH4HO is first added (see page 274), then (NH4)2S. The precipi- 
tate is digested in dilute HCl ; Ni and Co are sought in the residue. 
The filtrate is boiled with NaHO for half an hour in a porcelain 
capsule, and filtered. The filtrate is divided in two portions, to 
one HCl is added until acid, then NH4HO, which precipitates Al ; 
to the other H2S to precipitate the Zn. The residue, containing Fe, 
Mn, and Cr, is fused with pure KNOg and NagCOg ; if the mass is 
green, Mn is indicated ; if yellow, Cr. One-half of the mass is dis- 
solved in water; the insDluble residue is tested for iron; the 
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filtrate is tested for Cr by first neutralizing with acetic acid, and then 
adding Pb(N08)2. The test for Mn is to place some of the fused 
mass in HNOj, with red lead ; if left at rest, a beautiful rose pink 
is formed from the conversion of KgMnO^ into KgMngOg. {Experi- 
ment 155, 2.) U is rarely sought. 

Group Fourth embraces the metals of the alkaline earths, Ba, 
Sr, and Ca, whose carbonates, precipitated by (NH4)8C08 are insol- 
uble in HgO, but soluble in HCl. BaClg forms with HgSO^ a pre- 
cipitate insoluble in acids ; it is also precipitated yellow by KgCr04. 
Ba compounds impart a green color to the flame of an alcohol lamp 
or Bunsen burner. CaCl, with ammonium oxalate, yields a white 
precipitate insoluble in water. H2SO4 produces a white precipitate 
of CaS04, slightly soluble in water and acids. Ca salts color the 
flame yellowish red. SrClg gives a white precipitate witli a clear 
solution of CaS04 ; if the solution is dilute, half an hour is required 
for the precipitation. Sr colors the flame carmine-red. 

Separating Metals of Group Fourth. — Some NH4CI is first 
added, if not already present in the solution, then (NH 4)2005. 
The precipitate is dissolved in acetic acid, and (^vide^ in two por- 
tions. To one is added K2Cr04 ; Ba is precipitated yellow, and the 
filtrate is tested for Sr by means of CaS04. HgSOj is added to the 
other portion, the precipitate filtered out. NH4HO is added to the 
filtrate, which is now tested for Ca with ammonium oxalate. 

Group Fifth embraces Mg, K, Na, and L. As lithia is very rare, 
we omit its reactions. MgS04 yields a white precipitate of Mg(H0)8 
on the addition of NH4HO, unless the solution contains NH4CI; 
hence the necessity of adding NH4CI, before testing for Groups III 
and IV, where NH4HO would otherwise throw down Mg. The 
salts of Mg give a white precipitate with hydrodisodic phosphate, 
Na2HP04 and NH4HO. KCl yields a yellow precipitate with PtCl4. 
Potassium acetate is also precipitated in concentrated solutions by 
tartaric acid. KgS04 gives a white precipitate with 2HF,SiF4 ^"^ 
alcohol. K imparts a violet color to flame, which appears red when 
viewed through blue glass, Na is not precipitated by any of the 
above re-agents ; but may give with NaSbO, a white precipitate. It 
imparts an intense yellow color to flame. K, Na, and L, as well as 
Ca, Ba, and Sr are easily detected by the spectroscope. 

Ammonia is liberated from its compounds by mixing with NaHO 
or Ca(HO)g, and is then recognized by the smell, by bluing red 
litmus, and by producing white fumes when a rod moistened with 
HCl gas is held over it. (See pages 49, 135.) 
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TESTS FOR ACIDS. 

The acids do not admit of the strict grouping and successive 
separation employed for metals, and we will rest content with men- 
tioning the simplest tests for the principal acids, beginning with 
the haloids : 

HCJ with AgNOg, white precipitate, soluble in NH4H0,not in HNOg. 

HI ** " yellowish precipitate, insoluble in NH4HO. 

HI " HgCU, red precipitate, soluble in KI. 

HI " starch paste and CI solution or bleaching powders, blue 
color. (See page 107.) 

CaFj with H2SO4 liberates HF, which attacks glass. (See p. 106.) 

H3r ** starch paste and CI water, an orange-yellow color. 

HgS04 with BaCfg, white precipitate, insoluble in HCI, 

SiOg is insoluble in HgO, as are most of the silicates except 
those of K and Na. In analyzing the soluble silicates, they are 
first evaporated to dryness with excess of HCI, the soluble chlorides 
dissolved in HgO or HCI, and the SiOg left as a gritty powder. 

Boracic Acid is detected by placing it in a capsule containing 
alcohol and H2SO4, and igniting the alcohol. A green tinge to 
the flame indicates Bo. If a mixture of glycerine and borax is 
brought into a flame and removed as soon as it takes fire, the green 
flame is easily recognized. {Experiment 112.) 

HjP04 with neutral AgNOg, yellow precipitate, soluble in HNO3 
and NH4HO. 

H5PO4 with solution of ammonium molybdate in HNOj, a fine 
yellow precipitate. 

HjP04 with MgS04 solution containing NH4CI and NH4HO, a 
white precipitate soluble in acids. (See test for Mg, page 278.) 

CO3 Carbonates effervesce on the addition of acids, COg being 
set free, which extinguishes a match inserted in the test tube. The 
ear is often able to detect slight effervescence not otherwise per- 
ceptible. (See page 74.) 

HNO3 is not precipitated by any reagent. Into a test-tube con- 
taining some nitrate, drop a crystal of FeS04, then allow a drop of 
H2SO4 to flow down the side of the test-tube which is held inclined. 
A characteristic dark-brown ring forms immediately. If Cu and 
strong HgS04 are heated with a nitrate, red fumes are given off". A 
nitrate heated on charcoal deflagrates. 
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Chlorates deflagrate more violently than nitrates. H3SO4 liber- 
ates CIO2 which is betrayed by its color and odor. If a crystal of 
KClOg and a piece of P be placed in a glass of water, and a drop 
of H 2 SO 4 conveyed to it by a pipette or tube, the P takes fire and 
burns under water (page 130, Experiment 2). All experiments with 
chlorates must be performed with minute quantities, because of the 
great danger of explosions. 

SOg is easily recognized by its odor. When sulphites are treated 
with HCl, the SO, is evolved. 

If CI gas be given off on heating a substance in HCl, the pres- 
ence of a binoxide may be suspected. (See page 103.) 

If an odor of Hj|S is perceived on treating a substance with HCl, 
it is evidently a sulphide. Heated with strong HNOg, sulphides 
are converted into sulphates. 

HCy with AgNOj, white precipitate soluble in KCy ; difficultly 
soluble in NH4HO. Care must be taken in handling the poisonous 
cyanides. On adding HCl to a cyanide, HCy is liberated, and is 
detected by the odor, which resembles bitter almonds. 

HiFeCyg with AgNO,, white precipitate insoluble in NH4HO, 
and in HNOg. With FegClg, Prussian blue [Fe4(FeCye)j] is formed. 

Oxalic Acid, H2C3O4, yields a white precipitate with CaCl^, 
which is insoluble in NH4CI, but soluble in acetic acid. 

When several kcids are present they are tested for in separate 
portions. As^Oj may occasionally be mistaken for H8PO4. BaCl, 
will yield precipitates with carbonic, oxalic, phosphoric, and sul- 
phuric acids, but they all dissolve in HCl except BaS04. 

To test for HCl in the presence of HI, or HBr, or both, the dry 
powder is mixed with dry KgCrjO^, and pure concentrated HjS04 
added, and heated, when CrOjClg is given off as a brownish-red 
gas; and a glass rod dipped in NH4HO and held over the tube 
becomes slightly yellow if CI is present, from the formation of 
(NH4)2Cr04. If the substance to be tested contains only Br and I, 
these two may be separated by CUSO4 and H2SO3, which precipi- 
tates the latter as Cuglg and permits the use of the starch test for 
Br. Or the solution is mixed with CS^ and a very little CI water, 
or solution of bleaching powder, is then poured in and test-tube 
well shaken. The I is liberated and dissolved by the CS^, impart- 
ing to it the well-known purple color, the intensity of which conceals 
the yellowish-brown color of the Br likewise set free and dissolved. 
On adding more CI water, the violet disappears, leaving only tbe 
Br to color the ether. 
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PRELIMINARY TESTS. 

A few tests in the dry way will give some clew to the substances 
present ; but in a complete analysis every acid and every metal must 
be sought for. 

I. Heating in a Tube of Hard Glass closed at one end. — 
If the substance blackens, organic matter is present. If vapors 
escape, they are tested for COj; SO,, HjS, etc. If a sublimate is 
forlned, it may be S, Hg, or a compound of As or Sb. 

II. Heating on Charcoal. — A small portion of the substance 
is placed on charcoal and exposed to the inner blow-pipe flame. 
(See page 69.) If an infusible white residue remains, moisten it 
with Co(N03)2 ; a fine blue indicates Al, a reddish tint Mg, a green 
color Zn. Mix another portion with Na2C03 and heat on charcoal 
in the reducing flame. If a metallic globule is formed without an 
incrustation, it indicates Au, Cu, or Ag, as the color is yellow, red, or 
white. A very fusible and malleable globule surrounded by a yel- 
low incrustation indicates Pb ; if the incrustation is white it may be 
Sn, and on moistening with Co(NO:,;2 the incrustation turns green. 
Bi and Sb may be reduced to brittle metallic globules. If As is 
present, an odor resembling garlic is noticed. The charcoal tests 
will be of little use to the student, except for detecting Ag and Pb, 
until practice has given him considerable facility in the use of the 
blow-pipe. (See Experiment 69, 6, page 257.) 

III. Borax Beads. — Several metals impart characteristic colors 
to borax glass when fused with it before the blow-pipe. The end 
of a piece of platinum wire is bent to form an eye as large as this 
letter O ; it is next dipped in borax and held in the flame until 
fused, then dipped in the powdered substance and fused again. 
The color varies according as the oxidizing or reducing flame is 
employed. (See page 92.) 

Color. Oxidizing. Reducing. 

Blue Co and Cu Co 

Green Cr and Cu Fe and Cr 

Red Fe and Ni Cu (opaque) 

Amethyst M n 

Yellow to brown Fe 

Colorless Si, etc. , Mn 

Grey . Ni 
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SOLUTION. 

The first thing to be done before beginning an analysis is to 
bring the substance into solution. Distilled water is first employed ; 
if a residue insoluble in water remains, it is treated with acid. In 
analyzing metals and alloys, nitric acid is the usual solvent ; aqua 
regia being required only for the noble metals. If Sn is present, 
and Pb and Ag absent, HCl is empk>yed. Mineral substances, if 
insoluble in any acid, are rendered soluble by fluxing^ or fusing 
with pure NajCOj and K2CO3. As a very high heat is required for 
fluxing, deflagration is sometimes preferred. One part of the insol- 
uble powder is intimately mixed with two parts of dry sodium car- 
bonate, two parts pulverized charcoal, and twelve parts nitre. The 
mixture is placed in the open air and a match applied. A portion 
of the porous mass produced will be soluble in water, the remain- 
der in acids. The two solutions are to be preserved and tested 
separately. The metals will be found in the acid solution, while 
the acids will be found in the aqueous solution. Before beginning 
the regular course of analysis with these solutions, part of the 
aqueous solution is evaporated to dryness with excess of HCl to 
render all the SiOj insoluble. In separate portions of the aqueous 
solution, the various acids are sought as above described (p. 279). 

If a portion of the substance is insoluble in HCl after fluxing, it 
is probably silicic acid, or an undecomposed silicate, and may be 
rendered soluble by fluxing a second time. 

A platinum crucible must never be employed if reducible metals, 
especially Pb, As or Sb have been found in the preliminary tests. 

EXAMPLES FOR PRACTICE. 

After the student has made all the tests above given, and suc- 
ceeded in separating the members of each group from each other, 
especial care being given to the separation of lead from bismuth, 
copper from cadmium, arsenic from antimony, and nickel from 
cobalt, the teacher may give out the following or similar substances 
for analysis, not following the precise order of the book, so that the 
student shall not know what substance he is analyzing. Each stu- 
dent should record the results of every analysis in a note-book 
which he will rule for each analysis as shown under No. i. 

i. Analysis of CUSO4.— A crystal of this salt as large as a pea 
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is given to a student, who dissolves it in distilled water in a tes- 
tube and divides the solution in three portions. To one is added a 
drop of HCl, which should produce no precipitate. H.2S is then 
added until all the Cu is precipitated. It is then filtered and the 
precipitate thoroughly washed on the filter. H^S should produce 
no precipitate in the filtrate. The precipitate ^eing insoluble in 
(NH4)2S, is dissolved in HNO3, and no residue, except perhaps a 
little sulphur, remains, so that the absence of Hg is established. 
H2SO4 produces no precipitate in this solution, neither does 
NH4HO ; hence Pb and Bi are also absent. The ammonia, however, 
gave the intense blue color characteristic of Cu, and as only one 
metal is to be sought, the presence of Cu is farther proved by adding 
HNO3 and K4FeCy6, which causes a reddish-brown precipitate. 
The second portion of the solution is used in testing for acids. To 
a small quantity of this some BaCU is added, and if the precipitate 
is insoluble in HCl, the acid present must be Ha SO 4. The results 
are recorded in tabular form thus : 



ANALYSIS NO. I. 
Substance blue, soluble in H2O. 



GROUP I. 


GROUP II. 


GROUP III. 


GROUP IV. 


GROUP V. 




HCl 


H^S 


(NH4)2S 


(NH4)2C03 









Brown pre- 
cip., sol. in 
HNO3. 

NH4H0blue. 

K4FeCy6 

brown. 

Cu. 














Acids : 
BaCl2. White precipitate insol. in HCl ... . H2SO4. 

2. Analysis of HgCl2. — This salt is likewise very soluble in 
HjO. To one portion of the solution add HCl, and HgS. The lat- 
ter produces a black precipitate, insoluble in HNO,,, which indicates 
Hg, but a confirmatory test must be employed, which is to dissolve 
the precipitate in aqua regia aqcl ^44 SnCl^. To a second portion 
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add some BaCl^, which will cause no precipitate. To a third por- 
tion add AgNOg, which produces a white precipitate of AgO, insolu- 
ble in HNO3, but soluble in NH4HO, proving the presence of HCl. 

5. Analysis of FeS04. — Acidify a portion of the solution with 
HCl, add a little H^S to prove that no metals of the second group 
are present, and then (NH4)2S, which produces a black precipitate 
of FeS, which is treated as directed for Group III, page 277. To 
some of the original solution a drop of K^FegCy^s is added, when 
the blue color proves the presence of FeO. 

4. Analysis of Si^NOg),. — Dissolve in water, test for Groups 
I, II, and III, which may occur as impurities, and then add 
(NH4)aC08. This white precipitate is filtered out and washed, then 
dissolved in acetic acid. To one portion add K2Cr04, when the 
absence of Ba is shown, and the Sr test may next be made, by add- 
ing NH4HO and CaS04. The precipitate forms slowly. In the 
original solution no precipitate is formed by BaClg or AgNO,, and 
a careful test for HNOj is made with FeS04 and H ,804, as described 
on page 279. 

J. Analysis of BaS04. — ^This substance refuses to dissolve either 
In HgO or in acids. It is boiled repeatedly with fresh quantities 
of NagCOg and filtered boiling hot, or fluxed with KNO, and 
NagCOj. The filtrate contains NasS04 ; the residue is BaCO, and 
unaltered BaS04. The residue is dissolved in HCl and tested for 
Bawitb K8Cr04 or SrS04 solution. 

6. Analysis of a Coi^?. — A silver coin is dissolved in HNOj, 
then diluted and the Ag precipitated with HCl as AgCl. From this 
metallic silver is precipitated on a piece of clean zinc placed in the 
precipitate and moistened with dilute H8SO4. In the blue filtrate 
will be found all the copper, which may be tested for as above. If 
instead of a silver coin, a nickel coin is used, HCl will give no pre- 
cipitate, the Cu will be thrown down by HgSi and the Ni by (NH4)gS. 
In anal3rzing compound substances, great care must be taken that 
a// the metals of a certain group are precipitated before proceeding 
to the next, and for this purpose, after precipitating the Ag with 
HCl, a drop of HCl is added to the filtrate to ascertain whether any 
Ag remains in solution. Precipitates should also be well washed, 
but the wash-water is not added to the filtrate. 

7. Analysis of Type Metal.— The type is cleaned and dissolved" 
in nitric acid. If a white insoluble residue remains, it may contain 
both tin and antimony. To the filtered and diluted solution add 
just enough HCl 10 precipitate all the Pb, and filter colii. To the 
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filtrate add H^S as long as a precipitate is formed. Filter and wash 
thoroughly, digest with (NH4)iS and filter. Dissolve the residue 
in HNO3 and test for Pb and Bi. To the (NH4)2S solution add 
excess of HCl to ascertain whether any portion of the precipitate 
wa^ really dissolved. An orange red precipitate indicates Sb, which 
may be farther tested in a Marsh apparatus. The white residue, 
which was insoluble in KNO3, is placed in a porcelain dish in con- 
tact with a slip of clean, smooth platinum foil, and heated with a 
little HCl. H2O is then added, and a small fragment of Zn is put 
into the liquid, when Sn and Sb will be reduced to the metallic state. 
If the foil is blackened, Sb is present. The metallic residue is now 
dissolved in HCl, and H£rCl2 is added to ascertain if Sn is present. 

8. Analysis of Tea-lead. — This substance, which is used by the 
Chinese for lining tea-chests, may be obtained of any retail grocer, 
or tea merchant. It consists of lead, tin, and copper, and the course 
of analysis differs little from that of type metal. 

9. Analysis of Mixed Salts. — A mixture of Pb(N03)2, BI(N03)a, 
Co(N03)2, KNO3 may be dissolved in water and the metals sought 
in the above order (viz. Pb, BI, Co, K). In testing for acids the 
student will remember that if Pb was found among the metals, 
H2SO4 and HCl must have been absent, as either would have pre- 
cipitated the lead. If the student forgets this and adds BaCl^ to 
the solution, it will form a precipitate of PbCls, which he might 
mistake for BaS04, and hence incorrectly suppose H^SO^ to be 
present. 

Mixtures of various other soluble salts should now be given out, 
such as FeS04, NaCl, CUSO4, and NH4CI ; gradually increasing the 
number of metals and acids to be sought. 

10. Analysis of Lime-stone. — Dissolve any piece of marble or 
lime-stone in HCl. It will not be necessary to test for groups i 
and II; a small portion of the solution is tested with K4FeCy6 for 
iron. The alumina generally present is precipitated, along with 
ihe iron, by NH4HO, after adding NH4CI, and is filtered out as 
rapidly as possible. In a small portion of the filtrate tests are made 
for Ba and Sr, which are of course absent, so that all the Ca may be 
precipitated by oxalate of ammonia. In the filtrate Mg will be 
found on adding NajHP04. The principal acid present is COj as 
indicated by the effervescence with HCl when first dissolved. If a 
residue remained insoluble in HCl, it is probably SiO^, or some 
silicate, and must be fluxed with Na^CO:) and K^COj. 
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COMPLETE ANALYSIS. 
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QUESTIONS FOR CLASS USE. 



I. -INTRODUCTION. 

Page 17. — Define chemistry. Illustrate. What is the distiij^tioa 
between organic and inorganic chemistry? Illustrate. What is an 
element ? How many are known ? Is it probable that all the ele- 
ments have been discovered ? Define chemical affinity. Illustrate. 
How does it act? 

18. — How can we find what elements will combine ? What is a 
compound? Are compounds like their elements? Illustrate. 
What is the action of heat ? Of light ? Of solution ? Illustrate. 

19, — State the principles upon which the elements are named. 
Illustrate each. What are chemical symbols ? How are the sjrm- 
bols formed ? Define atomic weight. Illustrate. 

21. — State the four laws of the atomic theory. What is the molec- 
ular weight of a compound ? What is a binary compound ? Which 
element is placed first in reading the symbol of a compound ? In 
writing? In reading the name? Name the three variations from 
these rules. What is the use of the terminations -ide? -uret? De- 
fine an oxide. Define the different compounds of O. 

22, — What is an acid? Must an acid always be sour ? Name 
one that is not (page no). What is the test? How does the ter- 
mination of an acid indicate its strength ? What is the meaning of 
the prefix /^fr? — hypo? How are the hydracids named ? 

23. — Define a base. An alkali. What is the reciprocal influence 
of the alkalies and the acids? Define a salt. How is it named? 
What is the difference between an -ous and an -ic salt? What is 
a formula? 

2J^. — What signs are used ? To what is the proportion of an ele- 
ment in any compound always equal ? The weight of an element ? 
State the proportion to be used in solving problems. 
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I I. — IN O RG AN IC CHEMISTRY. 

1. — T H E NON-METALS. 

Oxygen. — Give the S3rmbol and atomic weight of oxygen. What 
\s the meaning? What other element is an acid-former? 

28, — Name the sources of 0. Do these fractions indicate weight 
or volume? How is prepared from potassium chlorate and 
manganese dioxide? Give the reaction. What becomes of the 
potassium chloride? 

S9, — ^What is the use of the black oxide of manganese ? Define 
catalysis. Name the properties of O. What is oxidation? An 
oxide ? Show that O is a supporter of combustion. What com- 
pounds are formed in these illustrations? What is an anhydride? 
An acid ? 

31-32,— DGsciWie the destructive effects of the O in the air. What 
causes the decay of peaches? Why does not canned fruit decay? 
Describe the action of on fuel. On the teeth. On impure water. 
On writing-ink. On red-hot iron. On damp knives and forks. 
How is river-water purified on a sea-voyage ? . 

33, — By what means is the O carried through the system ? What 
work does it perform in the body ? Why is the blood in the arte- 
ries red and in the veins purple ? What chemical processes are 
included by the chemist under the term oxidation ? 

34* — Does fire differ from decay? Is heat always produced by 
oxidation ? Illustrate. Describe the body as a furnace. 

35, — What is the chemical process of starvation? Why does 
unusual exercise cause one to breathe more rapidly ? Why does 
running cause panting? Why do we need extra clothing when we 
sleep, even at midday, in the summer ? How do hibernating ani- 
mals illustrate this ? How does a cold-blooded animal differ from 
a warm-blooded one? How does give us strength ? 

36, — How are action and reaction equal in chemistry as in phil- 
osophy ? What is potential force? Dynamic force? Show how O 
is constantly burning the body. Is there any part of the body that 
is permanent? Illustrate the rapidity of this change. Show the 
truth of the paradox — " We live only as we die" 

37.^— Why do we need food and sleep? Show how acts as a 
scavenger in nature. In what sense is O the sweeper of the body? 
Is this a useful provision ? 
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SS, — How much O does each adult need per day? Total amount 
used daily? What would be the result if the air were pure O? 
What objects would escape combustion ? What is ozone ? Where 
is it seen ? 

S9, — Preparation ? Properties ? Test ? Is it a valuable constit- 
uent of the air ? What is antozone ? Its characteristic ? 

Nitrogen. — Symbol and atomic weight? Why so called? 
Sources ? Preparation ? • 

42, — Properties ? Why does a person drown in water ? Would 
a person die in pure N ? What is the peculiarity of the nitrogen 
compounds ? What causes flesh to decompose so much more easily 
than wood ? Does the N we take in at each breath do us any direct 
good or harm ? Where do we get N to make our flesh ? 

43, — ^What use do plants make of the N they breathe in through 
their leaves ? Describe the action of N and in our stoves. Where 
do plants obtain N ? State the main distinction between O and N. 
What is the office of the N in the air ? Show that the proportion of 
O and N in the atmosphere gives us the golden mean. 

44* — Symbol and molecular weight of nitric acid ? Common 
name ? Explain its occasional presence in the atmosphere. Prep- 
aration? Why is its symbol HNO3 and not N2O5? Show that in 
its salts an acid takes the place of the H. 

45. — Properties ? Has it been obtained as a solid ? How does it 
rank in strength? What color does it give to wood? Uses? 
Explain its oxidizing action. What is aqua regia? Describe the 
process of etching. The action of HNO3 on Sn. What are the red 
fumes which pass off? How does HNO3 illustrate the power of 
chemical affinity? 

46, — Symbol and molecular weight of nitrous oxide ? The com- 
mon name ? Preparation ? Reaction ? Properties ? For what 
purpose has liquid nitrous oxide been used ? (Physics^ page 191.) 
What is the effect of nitrous oxide on the human system ? State its 
use in surgical operations. Symbol and molecular weight of nitric 
oxide? Its preparation? Why is the gas in the jar colorless? 

47.— What compound is formed ? Properties of NO? What are 
the fumes which it forms in the air ? Symbol and molecular weight 
of ammonia ? Why so called ? Its old name ? 

48. — What is aqua ammonia? Whence obtained? Give the reac- 
tion. Properties ? 

4.9.— Prove that H:,N is an alkali. What is its test ? Its antidote? 
How liquefied ? Define the nascent state. 
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Hydrogen. — S^mabol and atomic weight ? Meaning of the name ? 
Preparation ? 

51, — Reaction ? What compound is formed ? Properties ? Is H 
a metal ? Ans, — In all reactions it plays the part of a metal, and 
like most of the metals is electro-positive. The size of its atoms ? 
Its levity? Will it destroy life ? Effect on the voice ? Use in fill- 
ing balloons? 

62, — What is the product of the combustion of H ? What is the 
philosopher's lamp? What are the mixed gases? What is the 
cause of the report ? Will the gases combine, if mixed ? Describe 
the hydrogen gun, 

54. — ^What compound is formed by the combustion of H ? What 
becomes of the HjO? What is the action of platinum sponge on a 
jet of H? What becomes of this force? Describe Dobereiner's 
lamp. Explain the heat produced by burning H. 

65, — How are hydrogen tones produced ? Explain. 

Water. — What is the freezing and the boiling point of water ? 
How is the composition of water proved ? Why does the black- 
smith sprinkle water on his forge fire ? 

57-S, — What injury may a small quantity of H3O do» if thrown on 
afire? Explain. Can H^O, then, be burned? Show that electri- 
cal force is latent in water. What becomes of this force ? Illustrate 
the abundance of H^O in the animal world. Vegetable world. 
Mineral world. 

59, — ^Why will blue vitriol lose its color if heated? What is 
** burnt alum?" Water of crystallization ? Show the adaptation of 
H^O as a solvent. What water is the purest ? Why docs rain-water 
taste so insipid ? 

60, — Is river water a healthy drink ? What is hard water? Soft 
water ? Why does the hardness of water vary in different places ? 
Is hard water healthful ? How may we detect organic matter in 
H2O? What minerals are most common in water? What is the 
•' fur " in a tea-kettle ? Why does soap curdle in hard water ? 

61-2, — ^What is the cause of the tonic influence of the sea-breeze ? 
How could Salt Lake be freshened ? What is the use of the air in 
HjO? How do fish breathe? Why does the air in water contain 
so much O ? Why is boiled water so insipid ? Give some of the 
paradoxes of water. Name the various uses of water. {Physics^ 
p. 201.) 

Carbon. — Symbol and atomic weight "* Illustrate the abundance 
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of C. Is it more characteristic of the vegetable than of the mineral 
kingdom? What are its three forms ? 

65. — Proof of these allotropic states ? What is an allotropic con- 
dition? What is the diamond? Properties? Has it ever been 
made artificially ? What is a carat ? 

66. — How is the diamond ground ? Describe the three modes of 
cutting. What gives the diamond its value ? 

67. — Common name for graphite? Origin? Uses? Describe 
the process of making a lead-pencil. What is a black-lead cruci- 
ble? What is British Lustre? Gas carbon? How is charcoal 
made? 

68. — ^What is the chemical change? Illustrate the durability of 
charcoal. 

69, — Its property of absorbing gases. Its preservative effects. 
Its filtering properties. (Physics, page 17.) What do you mean 
by the deoxidizing or reducing action of C ? Application to the 
arts ? 

70. — ^What is soot ? What causes the burning of chimneys ? Does 
this occur oftener when wood than when coal is used as fuel ? How 
is lampblack made ? Uses ? Fitness for printing ? What can you 
say about ancient MSS. ? How is boneblack made? Uses? How 
is sugar refined ? 

71. — Describe the formation of coal. Difference between bitu- 
minous and anthracite coal. Why is coal found in layers, with slate, 
etc., between ? Why is the coal hidden in the earth ? What proof 
have we that coal is of vegetable origin ? 

72. — What is coke? Uses? Describe the formation of peat. 
Uses? What is muck ? Use ? Name some of the diverse proper- 
ties and uses of C. 

Carbonic Anhydride. — Sjonbol and molecular weight? 
Sources ? How it is constantly formed ? 

74. — Preparation ? Reaction ? 

75. — Test? What causes the pellicle on lime-water? What does 
this show? Prove that we exhale CO 2. Give the properties of CO^. 

76. — Prove that CO 2 is heavier than air. A non-supporter of 
combustion. That it contains C. What test should be employed 
before descending into a deep well or an old cellar? How can you 
remove the foul air? 

77.— Tell about the Grotto del Cane. Is CO., directly poi- 
sonous? What is choke-damp? Fire-damp? Which is more 
dreaded ? 
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"8, — Has COi beien used in extinguishing fires? Tell about the 
absorption of CO 2 by H2O. What is soda-water? 

79, — How is CO2 liquefied ? Why does the liquid acid solidify 
when exposed to the air ? What principle in philosophy does this 
illustrate? How low a degree of cold has been produced in this 
manner ? Describe the need of ventilation. How is the air expired 
from our lungs made useful ? 

80, — Is a single opening sufficient to ventilate a room ? What 
practical application do you make of this subject? S3rmbol and 
molecular weight of carbonic oxide ? Properties ? 

81. — ^Where do we often see it ? How is CO formed in a coal- 
fire ? Practical importance of this fact ? What causes the unpleas- 
ant odor of coal-gas? Symbol and molecular weight of light car- 
buretted hydrogen ? Properties ? How is it formed ? 

8^, — Name the places where it is found in great quantities. 
Symbol and molecular weight of heavy carburetted hydrogen? 
Properties ? 

83, — What gases mainly compose coal-gas ? Which is the most 
valuable? Describe the manufacture. Is the odor beneficial ? Is 
coal-gas explosive ? Why is the jet flat ? When we turn the gas 
very low, or the supply is insufficient, why is the flame blue ? Sym- 
bol and molecular weight of cyanogen ? Meaning of the name ? 

84. — Preparation? What are its compounds called? What is 
the j^ellow prussiate of potash? The red? Ans. — The ferricyanide, 
KjFeCyg. Properties of Cy ? What is a compound radical ? Sjrm- 
bol of hydrocyanic acid ? Common name? Where found? Anti- 
dote? What are the fulminates? How are gun-caps made ? 

Combustion. — Define. What is a combustible ? A supporter of 
combustion ? (The difference between these two is nicely shown in 
the experiment with H on p. 52.) A burnt body ? Ans. — A body 
which has combined with O. — Example : a stone, water. Upon 
what does the amount of heat produced by combustion depend ? 
The intensity ? Why do we need a draught to a stove ? What is 
meant by the igniting point of a substance ? Does combustion, in 
its chemical sense, commence before the fuel catches fire ? Why do 
we use "kindlings" in starting a fire ? Why can we light pitch- 
pine so easily? What are hydrocarbons? What are the ordinary 
products of combustion? What causes the dripping of stove- 
pipes? What are the ashes? Why does fresh fuel produce a 
flame? 

86. — Show how wisely C is adapted for a fuel. What would be 
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the effect if CO^ were not a gas? Define flame. Describe the 
burning of a candle. 

<?7.— Show that flame is hollow. What causes the light ? Why is 
the flame blue at the bottom ? Products of combustion ? Tests ? 
Why does the wick turn black ? 

88, — What causes the coal at the end of the wick ? Why does 
snuffing brighten the light ? Why does a draft of air, or a sudden 
movement of the candle, cause a deposit of soot ? Why is the flame 
of a candle or lamp red, or yellow? Ans. — Because the heat is not 
sufficient to cause the carbon fo emit all the rays of the spectrum. 
Use of plaited wicks ? Object of a chimney to a lamp ? 

89, — A flat wick ? Advantage of an Argand lamp ? What is the 
film which gathers on the chimney when the lamp is first lighted ? 
Why does this soon disappear ? Why do tar, spirits of turpentine, 
etc., burn with much smoke ? Why does alcohol give much heat 
and no smoke ? Describe Davy's safety-lamp. Illustrate this by a 
wire gauze over the fldme of a candle. 

90, — Describe Bunsen's burner. Why does it give great heat, 
little light, and no smoke ? Describe the oxy-hydrogen blow-pipe. 

91,— Why does it give great heat and little light? What is the 
calcium light ? 

9^, — Describe the mouth blow-pipe. The three parts in the blow- 
pipe flame. What is the reducing flame ? 

93, — The oxidizing flame ? Why does blowing on a candle-flame 
extinguish it ? Why does water put out a fire ? Give illustrations 
of spontaneous combustion. 

The Atmosphere. — Name the constituents. Proportion. State 
the comparison. What is the law of diffusion ? 

97, — What effect does this have on the air? Is the air a chemical 
compound? Illustrate. Has each constituent a special use? 
Name the uses of O. Of CO2. 

98, — Explain the chemical change which takes place in the leaf. 
What force separates the C from the ? What is the influence of 
house-plants upon the atmosphere of a room ? What do you say of 
the exact balance kept between the wants of animals and plants ? 

100, — What relation exists between animals and plants? Which 
gathers and which spends the solar force? Which performs the 
office of reduction ? Which that of oxidation ? How is the solar 
force set free ? What is the use of the watery vapor in the air ? 

101, — Which of the constituents are permanent ? Is this a wise 
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provision ? Why ought the vapor to be easily changed to the liquid 
form ? What effect does this permanence have upon sound ? 

The Halogens. — Name them. Symbols and atomic weights. 
Compare the halogens with each other. What compounds do they 
form ? Why is chlorine so called ? Source ? 

103, — Preparation ? Reaction ? Properties ? What action does 
CI have on phosphotus, afjsenic, etc. ? Why does a solution of the 
gas soon become acid ? What is its action on organic bodies ? On 
turpentine ? On printers' ink ? Describe the chemical change in 
domestic bleaching. 

104 — The method of bleaching on a large scale. What is the 
advantage of using CI over other disinfectants? liow may the gas 
be set free ? 

105, — How are hospitals purified ? What mixture would liberate 
CI in the greatest quantities? Symbol and molecular weight of 
hydiochloric acid ? Common name? Preparation? Reaction? 
Properties? What is muriatic acid? What are its compounds 
termed? Tests? What is nitro-muriatic acid? 

106. — Symbol and molecular weight of chloride of lime? Uses? 
Symbol and molecular weight of calcium chloride ? Preparation ? 
Peculiar property ? Tell what you can about bromine. Its uses. 
What is the peculiarity of fluorine ? Source ? What acid does it 
form ? For what is this acid noted ? Describe the process of etch- 
ing with HF. 

107. — Why is not HF kept in ordinary bottles? Is it dangerous 
to use? Why is iodine so called? Preparation? Properties? 
For what are its compounds noted? How may its stains be 
removed ? Test ? Use in medicine ? 

Boron. — Sjrmbol and atomic weight? Source? Describe the 
scene in Tuscany where it is found. Process of manufacture. 

109. — S)rmbol and molecular weight of borax ? Uses in solder- 
ing, and in softening hard water ? 

Silicon. — Symbol and atomic weight? Source? Common 
names ? What gems does it form ? What is sand ? Properties ? 

110. — Why is it called an acid ? Is silica soluble in HjO? How 
does it get into plants ? In what plants is it found ? Explain the 
process of petrifaction. What is said of the antiquity of glass? 
Pliny's story of its origin ? What is said of its value in the twelfth 
century ? 

111. — Name the four varieties of glass and the composition of 
each. What are the essential ingredients qf glass ? How is glass 
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colored ? Name the oxides used. Why is flint-glass so called ? 
How is glass annealed ? Describe the Prince Rupert's drop. 

11^. — How are Venetian balls made ? Tubes ? Bsads ? 

Sulphur.— Symbol and atomic weight ? Sources ? What is the 
principle of hair-dyes ? Why do eggs tarnish silver spoons ? What 
is the difference between brimstone and flowers of sulphur? Prop- 
erties? Solvent? Four allotropic forms? Describe the amor- 
phous state. 

114' — Uses of S ? Symbol and molecular weight of sulphurous 
anhydride ? Where is it familiar ? What are its compounds called ? 
Uses in bleaching? Why are new flannels liable to turn yellow 
when washed ? Symbol and molecular weight of sulphuric anhy- 
dride ? By what other name is it known ? Preparation ? Prop- 
erties ? Why is Nordhausen acid so called ? 

115-16. — Symbol and molecular weight of sulphuric acid ? Com- 
mon name? State its importance. What are its compounds 
called ? Illustrate the making of H2SO4. Describe its manufacture. 
Reaction. 

117. — Properties? What especial property? Illustrate. Its 
strength ? Color of its stain on cloth ? How removed ? On wood ? 
Cause of this action ? Test ? Symbol and mqlecular weight of hy- 
drogen sulphide ? Where is it found ? 

118, — Preparation? Reaction? Properties? Use? Color of 
these precipitates ? Test ? Symbol and molecular weight of carbon 
sulphide? Preparation? Properties? Uses? How does it illus- 
trate the force of chemical affinity? 

Phosphorus. — Symbol and atomic weight ? Why so called ? 

120. — Source ? In what parts of the body, and in what forms, is 
it found ? Preparation ? Properties ? Caution to be observed ? 
Is phosphorus poisonous? What is the product of its combus- 
tion? 

121. — Describe the amorphous form of phosphorus. What is the 
principal use of phosphorus ? Describe the making of the lucifer 
match. The safety match. What compounds are formed in the 
burning of a match ? 

122. — What is phosphorescence ? Its cause ? Sjrmbol and molec- 
ular weight of hydrogen phosphide ? Source ? Preparation ? 
Properties? 

Arsenic. — Symbol and atomic weight? Common name? Test? 
What is commonly sold as arsenic or ratsbane? Preparation of 
arsenious acid ? Properties? What can you tell of its antiseptic 
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property? Antidotes? Describe Marsh's test. How can the As 
be distinguished from Sb?'^ What is said of arsenic eating? 

2.— THE METALS. 

Potassium. — Symbol and atomic weight ? History of its discov« 
ery ? Source ? How do we get our supply ? Preparation ? 

127. — Properties ? How must it be kept ? Reaction when thrown 
on H2O ? Symbol and molecular weight of potash ? Of potassium 
hydrate? Properties? Its feel? Its affinity for H^O and CO?? 
Uses? Symbol and molecular weight of potassium carbonate? 
Common name? 

12s. — Preparation? What part of the tree furnishes the most 
potash? What is the derivation of the word? Symbol and molec- 
ular weight of hydrogen potassium carbonate? Common names? 
Preparation? Define a rational formula. Illustrate. An empirical 
formula? Illustrate. Wliat is a neutral salt? An acid salt? ^ 
dibasic acid ? 

129. — Symbol and molecular weight of potassium nitrate ? Com- 
mon names ? Where is it found ? How is it prepared artificially ? 
How much water would be required to dissolve a pound of this 
salt? Properties? Uses? What is the composition of gunpowder ? 
Cause of its explosive force ? 

130. — Uses of potassium chlorate? Potassium bichromate? 
Composition of fire-works? 

Sodium. — Symbol and atomic weight ? Source? What propor- 
tion does it form of common salt ? What element does it resemble ? 

131. — Reaction when thrown on water? What compound is 
formed ? Test ? Symbol and molecular weight of common salt ? 
What use does it subserve in the body ? Is salt abundant ? De- 
scribe the manufacture. 

132. — What is solar salt ? Describe the " hopper-shape " crystal. 
Is it best to heat the water for dissolving salt ? What is a saturated 
solution? 

133. — Symbol and molecular weight of sodium sulphate? Com- 
mon name ? Preparation ? Reaction ? What curious property has 
this salt ? Why will the dropping in of a crystal cause solidification ? 

* Antimony is more likely to be mistaken for arsenic than for any other metal. 
The crust which is formed by decomposing^ antimoniuretted hydrogen in Marsh's 
apparatus does not yield octahedra, when sublimed in a tube with air, but 
prisms. The metal is also easily soluble in yellow ammonium sulphide, which ia 
nearly without effect upon arsenical crusts.— Millbb. 
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Symbol and molecular weight of sodium carbonate? Common 
names ? Why called carbonate of soda ? 

134' — Describe its manufacture. Why will Na^SO^ soften hard 
water ? S3rmbol and molecular weight of hydrogen sodium carbon- 
ate ? Common name ? Why called bicarbonate of soda ? Prepara- 
tion? Use? What is an empirical formula ? A rational formula? 
Give the theory of ammonium. How is the symbol HjN^HO ob- 
tained ? What is a compound radical ? A compound halogen ? 

135, — Symbol and molecular weight of ammonium chloride? 
Preparation? Uses? Symbol and molecular weight of ammonium 
carbonate? Common names? Uses? S)anbol and molecular 
weight of ammonium nitrate? Preparation? Uses? What is the 
sodium amalgam ? 

Calcium.— Symbol and atomic weight ? Source? In what part 
of the body is it found ? In what form do we commonly see it ? 
Symbol and molecular weight of lime? Preparation? Describe a 
lime-kiln. Properties of CaO ? Test ? 

137, — What is the difference between " water-slacked ** and " air- 
slacked" lime? Uses? What is whitewash? Concrete? Hard- 
finish? Calcimining? Theory of the hardening of mortar ? Why 
are newly-plastered walls so damp? Will mortar harden if pro- 
tected from the air ? Action of lime on the soil ? Will it not lose 
its beneficial effect after a time ? Should it be applied to a compost 
heap ? How can this waste be avoided ? How would you test for 
the escaping H 3 N ? Action of lime on copperas ? How does the 
copperas get in the soil ? 

138, — Uses of lime? Sjrmbol and molecular weight of carbonate 
of lime ? Source? How are stalactites and stalagmites formed ? 

iJ5>.— What is petrified moss? Whiting? Marble? Chalk? 
Marl ? Sjnnbol and molecular weight of calcium sulphate ? Com- 
mon names? What is plaster of Paris ? Why does plaster of Paris 
harden, if moistened ? Ans. — Because it absorbs water again. 
Uses? What is plaster? How prepared for use as a fertilizer ? 
Ans. — It is ground into a fine powder. Tell the story of Franklin. 

140. — What is the difference between sulphate and sulphite of 
lime ? Symbol and molecular weight of phosphate of lime ? What 
is the superphosphate? Use? Uses of the salts of barium and 
strontium ? What is heavy spar ? Barytes ? 

Magnesium. — Symbol and atomic weight? Source? How can 
you tell if a stone contains Mg? Ans. — It generally has a soapy 
feel. Properties ? For what is it noted ? Name the two classes of 
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rays contained especially in its light {Physics, page i63). For what 
purposes do the colorific rays adapt it ? Does it contain heat-rays 
also ? Ans, — Very few. Product of its combustion ? Symbol and 
molecular weight of magnesium carbonate ? Magnesium sulphate ? 
Common name ? 

Aluminum. — S)rmbol and atomic weight? Common name? 
Source? Properties? Solvent? What can you say of its abund- 
ance and probable usefulness? What is alumina? What crystals 
and gems does it form ? . What is emery? Symbol and molecular 
weight of silicate of alumina? Common name ? Source? 

14^ — Use in the soil? In the arts? What is ochre? Fuller's 
earth ? Explain the process of glazing pottery ware. What is the 
salt glaze? The litharge glaze? What objection to the latter? 
What gives color to brick ? What is the peculiarity of white brick ? 
How is alum made ? 

146. — Name the different kinds of alum. Which kind is the com- 
mon commercial alum ? Use of alum in dyeing ? How are alum 
crystals made? Ans, — They are obtained by suspending threads in 
a saturated solution of this salt. In this manner alum baskets, 
bouquets, etc., are formed of any desired color. What is spectrum 
analysis? Is it a reliable test? Illustrate its delicacy? What is 
the spectroscope ? 

Iron. — Symbol and atomic weight? Tell what you can of its 
value to the world. How is its use a symbol of a nation's pro- 
gress ? 

149, — State how its value is enhanced by labor. Name the 
sources of iron. Common ores. Describe the process of smelting 
iron ore. Why is hot air used for the blast? Reaction of the 
lime ? 

151, — What becomes of the O in the ore ? Origin of the term 
" pig-iron? " Name the varieties of iron. Difference between them. 
What is cast-iron ? Its properties ? Uses? What exception adapts 
iron for use in castings ? What does this teach us ? What is chilled 
iron? Wrought iron? 

152. — Preparation? Effect of jarring? How is Fe tempered? 
Illustrate its malleability. What is steel ? Preparation? In mak- 
ing steel tools, how does the workman judge of the temper? How 
are cheap knives made ? 

153. — Describe Bessemer's process. Cause of the changing col- 
ors often seen in the scum over standing water ? 

154, — Name the different oxides of iron. Give the symbol of 
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each. Where is each found ? Origin of colored sand ? What 
peculiar property is possessed by the ferric oxide and ferric hy- 
drate ? What is iron carbonate ? By what name is it known ? 

155. — Cause of the ferruginous deposit around chalybeate 
springs ? Symbol and molecular weight of iron bisulphide ? Com- 
mon names? Of ferrous sulphate? Preparation? Uses? What 
is chameleon mineral ? 

Zinc. — Symbol and atomic weight? Source? Preparation? 
Reaction? Is it malleable? Will it oxidize in the air? Uses? 
What is philosopher's wool ? What is galvanized iron ? Are water- 
pipes made of this material safe ? Symbol and molecular weight of 
zinc oxide? Use? Symbol and molecular weight of zinc sulphate? 
Use? 

Tin. — Symbol and atomic weight ? Where found ? Properties ? 
What is the " tin cry ? " What is common tin-ware ? Action of 
HNO., on Sn ? What can you say of the manufacture of pins ? 

Copper. — Symbol and atomic weight? Where found? Antiquity 
of the mines ? What is malachite ? Properties of Cu ? Color of 
its vapor? How tempered ? Test? What is verdigris? Carbon- 
ate of copper ? Black oxide of copper ? What is the danger of 
using a copper kettle? Solvent of Cu? Test? Symbol and molec- 
ular weight of copper sulphate ? Common name ? Uses ? 

Lead. — Symbol and atomic weight? Source? Preparation? 
Properties ? Its effect on the human system ? On water ? Is there 
more danger with hard, or with soft water? What precaution 
should always be used with lead pipes? What is the test of lead? 
What is " litharge ? " Its.uses? " Red-lead ? " Its uses ? What is 
" white-lead ? " Describe its manufacture. With what is it adul- 
terated ? What is "sugar of lead?" Properties? Antidote? 
Explain the formation of the lead-tree. 

Gold. — Symbol and atomic weight? Source? Preparation? 
What is an amalgam ? Quartation ? Properties? Solvent? Pro- 
cess of making gold-leaf? 

Silver. — Symbol and atomic weight ? Source ? Preparation, i, 
from the sulphide ; 2, horn-silver ; 3, lead? Describe the process 
of reduction at the West. What is cupellation? Properties? Sol- 
vent ? Test ? What is the common name of nitrate of silver ? 
What is its action on the flesh ? How may its stain be removed ? 
Uses ? Of what are hair-dyes and indelible inks made ? Describe 
the process of Daguerreotyping. Photography. 

Platinum. — Sjrmbol and atomic weight ? Source ? Preparation ? 
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Properties? Uses? Why is iridium so named? What is iridos- 
mine ? How is platinum wire made ? 

Mercury. — Symbol and atomic weight ? Common name ? Why 
so called ? Source? Preparation? Properties? Uses? Action 
on the human system? Process of silvering mirrors? What is 
blue-pill ? Mercurial ointment ? Symbol of mercuric oxide ? Mer- 
curous chloride? Mercuric chloride? Common name? Uses? 
Properties ? 

The Alloys. — What is an alloy ? What peculiarity with regard 
to the melting point ? Of what is type-metal made ? Pewter ? 
Britannia ? Brass ? German silver ? Solder ? Fusible metal ? 
Bronze ? How is gold soldered ? Silver ? Copper ? What is the 
principle ? What are the constituents of gold coin ? Silver coin ? 
What is the meaning of the term carat? How are shot manufac- 
tured? How are they sorted? What is oreide? Aluminum 
bronze ? Compare the properties of the metals with regard to, i, 
oxidation ; 2, density ; 3, melting point ; 4, color ; 5, malleability : 
6. brittleness ; 7, tenacity ; 8, special properties. 

III. — ORGANIC CHEMISTRY. 

Introduction. — Why must matter be organized? What is the 
office of plants ? 

IS^. — What is the difference between organic and inorganic 
bodies ? Illustrate each of the four distinctions. 

18S. — What is the number of carbon compounds ? Define isomer- 
ism. Illustrate. What is the cause ? AUotropism? Illustrate. 

Starch. — Symbol and molecular weight ? Sources ? Use in the 
plant ? Why stored in that form ? Appearance under the micro- 
scope? Preparation? Properties? What is dextrine? Test of 
Btarch ? Varieties ? What is gum ? Composition ? Mucilage ? 
Is it soluble in water ? What is pectose ? Pectin ? 

Woody Fibre. — Symbol and molecular weight? What is the 
composition of wood ? Name the various forms of cellulin. Illus- 
trate the wonders of secretion. State the uses of woody fibre. The 
making of paper. Paper-parchment. Linen. Cotton. Gun-cotton 
[C6H7(N02)30.,]. Collodion. Its uses. Cane-sugar. How is 
sugar refined? Difference bet^veen loaf and granulated sugar? 
Describe a centrifugal machine. What is terra alba ? Use ? Of 
what are gum-drops made? Rock-candy? What is caramel? 
Use ? Sjrmbol and molecular weight of grape-sugar ? Source ? 
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Sweetening power? How is sugar made from starch? How does 
the oil of vitriol act? How do jellies, preserves, etc., " candy?" 
Why are dextrose and levulose so named ? 

Fermentation. — Cause? Does it ever take place spontane- 
ously ? How does the yeast act ? What change takes place in the 
alcoholic fermentation? The acetic? Describe the formation of 
yeast. The making of malt. Yeast cakes. The varieties of fer- 
mentation. What is gluten ? How does it act ? What is diastase ? 
Describe the brewing of beer. Why is lager beer so called ? De- 
scribe the making of wine. What is the difference between a dry, 
a sweet, and an effervescing wine? Cause of the flavor? State the 
proportion of alcohol in common liquors. How is brandy made? 
Rum ? Whisky ? Gin ? Describe the apparatus used for distilla- 
tion. Symbol and molecular weight of alcohol ? What is said of its 
affinity for water ? What is absolute alcohol ? Name the uses of 
alcohol in the arts. Effects of alcohol on the human system. Sym- 
bol and molecular weight of ether? Is it properly called sulphuric 
ether? (See p. 203.) Preparation? Properties? Uses? Prep- 
aration of chloroform? Properties? Uses? What is chloral? 
Chloral hydrate? Properties? Uses? Symbol and molecular 
weight of acetic acid ? What is the glacial acid ? Preparation of 
vinegar ? What causes the working of cider ? What change takes 
place? Properties of acetic acid ? Use ? What causes the " work- 
ing" of preserves? What is aldehyde? 

Organic Radicals — What is a radical ? A homologous series? 
Name the terms of the marsh-gas series. What is ethyl, methyl, 
etc. ? By what other name is marsh-gas known ? Describe the 
formation of the alcohols. By what other name is common alcohol 
known? State the formation of the aldehydes and acids. The 
ethers? The compound ammonias. The salts of the radicals. 
Uses. 

Destructive Distillation.— -What change takes place in the 
decay of wood ? Effect upon the soil ? What change takes place 
in the distillation of wood? Why is it called "destructive?" 
What is p3rrol igneous acid ? Use? Creosote? Properties? Uses? 
Paraflfine ? Properties ? Uses ? How is tar made ? What are the 
products of the distillation of coal-tar ? Properties of carbolic acid ? 
What are the picrates? Uses? What is benzole? Benzine? 
Properties ? Uses ? What is phenyl alcohol ? What is nitro-ben- 
zole ? What are the coal-dyes ? Give an account of their discovery 
and properties. What is naphtha? Naphthaline? Anthracene? 
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Alizarin? Dead-oil? Uses? Petroleum? How formed? De- 
scribe its distillation. The rectification of kerosene. Danger of 
kerosene explosions. The test given by Dr. Nichols. How is bitu- 
men formed ? Describe Tar Lake. What is " Greek fire ? " 

The Organic Acids. — ^Where is oxalic acid found ? Prepara- 
tion? Properties? Antidote? Uses? Where is tartaric acid 
found ? Preparation ? What is cream of tartadr ? Tartar emetic ? 
Rochelle salt? Seidlitz powders? Where is malic acid found? 
Citric? Tannic? Name its varieties. What are nut-galls ? Pi'^p- 
erties of tannin ? Describe the process of tanning. How is leather 
blackened ? How is ink made ? Why does writing-fluid darken 
by exposure to the air? What is gallic acid ? Pyrogallic ? Use? 

The Organic Bases. — Sources ? What is opium ? Preparation ? 
Uses ? Laudanum ? Paregoric ? Danger of opium-eating ? What 
is morphine? Use? Quinine? Use? Nicotine? Properties? 
Strychnine? Properties? The chromatic test? Name the active 
principle of tea and coffee. What substances are found in tea ? In 
coffee ? Describe the process of tea-raising. Of making black tea. 
Green tea. 

Organic Coloring Principles. — Source ? What is an adjective 
color ? A substantive color ? A mordant ? The process of dyeing ? 
Of calico printing? What is madder? Its coloring principle? 
Cochineal? Use? Brazil-wood? Use? Indigo? Preparation? 
White indigo ? Logwood ? Litmus ? Leaf-green ? 

Oils and Fats. — Name the two classes. What is the difference 
between them? What is the composition of the fatty bodies? 
Illustrate. What is glycerin ? Uses? Nitro-glycerin? Illustrate 
the formation of soap. What is the reaction ? Difference between 
hard and soft soap? What is the cause of the curdling of soap in 
hard water ? Describe the cleansing action of soap. What is sapon- 
ification ? How is stearin made ? What are adamantine candles ? 
Is wax of animal or vegetable origin ? How is it bleached ? What 
is a drying oil ? Boiled oil ? Putty ? Printers* ink ? Cod-liver 
oil? Crotonoil? Castor oil? Sweet oil? Uses? Sources of the 
volatile oils ? Preparation ? Composition ? Name the three 
classes. Illustrate each. What is oil of turpentine? Rosin? 
Camphene? Camphor? Preparation? Properties? 

Resins and Balsams. — What is the difference between a resin 
and a balsam? Illustrate. Source? Properties? Uses? What 
is rosin ? Preparation ? Uses ? Lac ? Source ? Preparation ? 
Shellac? Sealing-wax? Gum Benzoin? Uses? Amber? Origin? 
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Properties? Uses? India-rubber? Source? Properties? Uses! 
What is vulcanized rubber ? Properties? Gutta-percha? Uses? 

Albuminous Bodies.* — Name them. What is their composi- 
tion ? What is albumen ? Source ? Properties ? Casein ? Why 
does milk curdle? Action of rennet? Why does cream rise on 
milk? Describe the souring of milk. What is gelatin? Glue? 
Isinglass? Size? Fibrin? Properties? Gluten? Legumin? 
Putrefaction ? Cause ? Why does salt preserve meat ? 

Domestic Chemistry. — Describe the chemical changes which 
take place in making bread. What is stale bread ? Why is it dry? 
How is aerated bread made ? Why is bread ever sour ? How are 
griddle-cakes raised ? Biscuit ? What are baking-powders ? Ac- 
tion of soda and HCI ? Of sal-volatile? How is bread changed by 

toasting ? How are potatoes changed by cooking ? 

* 

* Notice here the wise provision of nature. Nitrogen, slow and sluggish when 
uncombined, is fitted to dilute the air ; while N, restless and unteasy when com- 
bined, is equally adapted to form unstable compounds of food, to carry force 
into our bodies and there to quickly set it free. Oxygen, when free, is active, 
eager, and ready to search the nooks and crannies of the capillaries ; but when 
once it combines with a substance, takes it for better or for worse, and forms the 
stablest of compounds. We find nitrogen compounds in the animal and vegeta* 
ble worlds, ready for use where they are needed, in our muscles. Oxygen com- 
pounds arc abundant in the mineral world, and stored in the seeds of plants, at 
hand to give form to the more permanent parts of the body. Such profound 
relations, such nice adaptations of our bodies to the world around, g^ve us 
glimpses of a creative skill worthy our noblest thought^ and highest admuration. 



CHEMICAL APPARATUS. 
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This Set is adequate for the performance of the 
leading experiments in any text-book. We would call special 
attention to the extremely low price at which it is offered* 
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Alcohol. 

Acid, Sulphorio. 

♦' Nitric. 

" Iljdrochlorio. 

** Arsenious. 

" Oxalic. 

*' Tartaric. 
Ammoniuiu Chloride. 
Nitrate. 
Sulphide. 
Ammonia Water. 
Antimony (Metallic). 
Barium Chloride. 

" Nitrate. 
Bone Black. 
Calcium Fluoride. 
«' Sulphate. 
Copper Sulphate. 
Carhon Disulphide. 
Ether. 

Ferrous Sulphide. 
<* Sulphate. 
Gun Cotton. 
Iodine. 

Lead Acetate. 
Litmus. 
Mercury. 
Magnesium Ribbon. 

** Monoxide. 
Manganese Dioxide. 
Nut Galls. 



PRICE, SI6. 
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Potassium. 

Ferrooyonide. 

Chlorate. 

Hydrate. 

Nitrate. 

Bichromate. 
Strontium Chloride. 
" Nitrate. 
Sulphur. 
Silver Nitrate. 
Sodium (Metallic.) 
Biborate. 
Carbonate. 
<* Sulphate. 
Blowpipe. 
Deflagrating Spoon. 
Evaporating Dish. 
Evolution Flask. 
Filters. 
File. 
FunneL 
Graduate. 
Glass Tubing. 
Lead Dish. 
Nest of CrucibleA. 
Retort. 

Rubber Tubing. 
Spirit Lamp. 
Test Tubes. 
Tripod. 
Wedgewood Mortar. 



Phosphorus. 

We would recommend the above to such schools as 
have not the means to purchase the more comprehensive set. 



A NEW AND ENLARGED SET OF 

CHEMICAL APPARATUS. 

Prepared expressly for the performance of the experiments 
in the new edition of Steele's Fourteen Weeks in Chemistry. 



PRICE, sao. 



Acid, Snlphnrio. 
" Kitrio. 
" Hjdroobloria 
'* Anenious. 
" Oxalic 
" Tartaric. 
Ammonium Chloride. 
" Nitrate. 
« Sulphide. 
Ammonia Water. 
Antimony. 
AlcohoL 

Barium Chloride. 
" Nitrate. 
Bone Black. 

Cobalt Nitrate (solution). 
Calcium Fluoride. 
" Sulphate. 
Copper. 

Carbon Disulphide. 
Ferrous Sulphide. 
'* Sulphate. 
Gun Cotton. 
Iodine. 
Lead Acetate. 

** Monoxide. 
Litmus (best). 
Magnesium Ribbon. 
Manganese Dioxide, 
Mercury. 
Mercuric Chloride. 

*• Oxide. 
Nut Galls (powdered) 
l^otassium Ferricyanide. 
Iodide. 
'^ Permanganate. 

'* Bichromate. 

Phosphorus. 
Potassium (Metallic.) 
Chlorate. 






Potassium Hydrate. 
Nitrate. 
Chromate. 
Cyanide. 

*' Ferrocyanido 

Sulphuric Ether. 
Sodium (Metallic). 

•' Biborate. 

'^ Carbonate. 

" Sulphate. 
Strontium Chloride. 

'* . Nitrate. 
Sulphur. 
Silver Nitrate. 
Blowpipe^ 
Deflagrating Spoon. 
Evaporatine Dishes. 
Evolution Flask. 
File (triangular). 
Funnel. 

Filtering Paper. 
Florence Flask. 
Graduate. 

Glass Tubing, assorted. 
Gas Bag witn Stop Coek. 
Lead Dish. 
Metric Graduate. 
Nest of Crucibles. 
Pneumatic Trough. 
Retort. 

Retort Stand (3 Rings). 
Rubber Tubing. 
Scales and Weights. 
Spirit Lamp. 
Test Tubes. 
Wedgewood Mortar. 
Wire Gauze. 
Wooden Retort Stand, with 

cork shielda 



This Set is adequate for the performance of all the 
experiments in any ordinary text book. 
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This Index includes t/te Notes as well as the Text, 
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Acid Acetic 198 

Arsenious 103 

Benzoic s^6 

Boracic 108 

Carbolic 406 

CarbcDic 78 

Chaomic 130 

Citric 211 

Formic 202 

Fulminic 84 

Gallic 212 

Hydrochloric . . 105 
Hydrocyanic... 84 
Hydrofluoric... 106 
Hydrosulphuric 117 

Lr.A;tic 193, 230 

Malic 211 

Muriatic 105 

Nitric 44 

Oleic 218 

Oxalic 2ZO 

Palmitic 218 

Phosphoric 31 

Picric 206 

Prussic 84 

Pyrogallic 212 

Pyrofigneous . . 205 

Silicic X09 

Stearic 218 

Sulphuric Z15 

Sulphurous .... Z14 

Sulphjdric 117 

Tannic 211 

Tartaric 210 

Acids 22 

" Vegetable 210 

Air 96 

Albumen 228 

Alcohol 196 

" Definition of. 202 

" Methyl 201 

" Phenyl 2d6 

Alcohols, The 201 

Aldehyde 199,201 

Alizann 208 

Alkalies 23 
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Alkaloids 212 

Allotropism 183 

Alloys 172 

Alum 144 

Alumina 143 

Aluminum 143 

" Bronze... 174 

" Silicate... 143 

Amalgam 163 

Amber 226 

Ammonium 134 

Ammonium Car-i 

bonate J 35 

Ammonium Chloride 135 
" Nitrate.. 135 

Ammonia 47 

Amyl 200 

" Acetate 204 

** Valerianate 204 

Anhydride 29 

" Arsenious 124 

" Nitric 44 

** Sulphuric 1x4 

Aniline 207 

Animal charcoal 70 

Anthracene 208 

Antimony 173 

Antozone 40 

Aqua-ammonia 48 

Aqua-fortis 45 

Aqua-regia 105 

Arsenic 123 

Arseniuretted hy - 1 

drogen f ^ 

Asphaltum 209 

Asphyxia 76 

Atomic theory 21 

*' weight 19 

Atmosphere 96 

Atmosphere, Per- \ ,^, 
malnence of . . . . f ^°' 

Balsams 225 

Barium 240 

" Chloride 140 

Barytes 140 
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Bases 22 

Beer 194 

Bees-wax 221 

Benzole (benzine).... 206 
Bessemer's process. . 153 
Binary compounds.. 21 

Bismuth 173 

Bitumen 209 

Blast-furnace 150 

Bleaching 203 

Bleaching-powder. . . 106 

Blow-pipe 92 

Blow-pipe, Oxy-j. 

hydrogen J ^ 

Bones 230 

Bone-black 70 

Borax 109 

Boron xo8 

Brass 173 

Bread 232 

Brick 154 

Brimstone 113 

Britannia- ware 173 

Bromine 106 

Bronze 274 

Bunsen's burner 90 

Burning-fluid 224 

Butter 229 

Caffeine 2x1,215 

Calcimine 137 

Calcium 236 

" Carbonate... 138 
" Chloride .... 106 
" Hypochlorite 106 

" -Ligjht 90 

" Oxide 136 

" Phosphate . . 140 

" Sulphate 139 

" Sul[)hite 140 

Calico-printing 2x6 

Calomel 272 

Camphene. — 224 

Camphor 224 

Canales 221 

Caoutchouc 227 
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Cara*^^ 65»i74 

Caramel 191 

Carbon 64 

* Disulphide. . . 118 
Carbonic Acid 30,78 

'' • AatiyilriJe. 73 

" Oxide 77»8o 

Carburettcd hy-Ui«2 

drojren f ' 

Carmine 217 

Case-hardening 152 

Casein 229 

Cast-iron 151 

Catalysis 29 

Cells 186 

Cellulin 186 

Chalk 138 

Charcoal 67 

Cheese 229 

Chemical atfinity.... 17 
Chemistry, Orgaaic. 179 

" of candle. 85 

" '' lamp.. 83 

'' fire.... 85 

*' Domestic 232 

Chilled iron 151 

Chlorine 102 

Chlorofprm 198 

Chloral, Hydrate of.. 198 

Choke-damp 77 

Chrome yellow 133 

Chromium 130 

Cinnabar 170 

Cider 198 

Clay 143 

Coal 71 

" -gas 82 

" -oil 2o3 

" -tar 206 

Cobalt 123 

Cochineal 217 

Coin 174 

Co'ce 72 

Collodion 190 

Com{)Ound Ammo- \ 

nias j ^°3 

Compound Blow - I 

Pip3 f 9^ 

Compound Ethers... 204 

^* Radical.. 84 

Combustion 33*85 

C mcrete 137 

Confectionery 191 

Copper 158 

Acetate 159 

" Carbonate... 159 

" Oxide 159 

" Sulphate 159 

Copperas 15s 

Coral 138 

Corrosive sublimate. 172 

Cotton 189 

Cream 239 

Cream of tartar 210 

Creosote 205 
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Cupellation 165 

Cyanogen 83 

Daguerreotype 167 

Davy's Safety Lamp. 89 

Deca>r 204 

Dextrine 185 

Dextrose 191 

Diamond 65 

Diastase 194 

Diffusion, Law of — 97 

Disinfectant 106 

Distillation 196 

Distillation, De - I __ 

structive 1 ^ 

Drummond Light .... 91 

Dyads 139 

Dyeing 216 

Efflorescence 59 

Elements 17 

'' Symbols of. 19 

Empirical formula. . . 128 

Essences 223 

Etching 45 

Ether 197 

Ethers, The 202 

'' Compound.. 204 

Ethyl 20D 

" Butyrate 204 

" Hydrate 231 

" Hydride 203 

" Oxide 202 

Fats 218 

Fermentation 192 

Ferric Disulphide 155 

Ft nous Sulphate.... 155 

Fibrin 230 

Fire-damp 77 

Fire-works 130 

Fish, Breathing of... 61 

Flame 85 

Fluorine 106 

Force, Correlation of 35 

Formula, Empirical.127-8 

" Rational... 128 

Fulminates 84 

Fusil oil 201 

Fusible metal 173 

Galena 159 

Galvanized iron 156 

Gas, Carbon 67 

" Illuminating ... 82 

** Diffusion of.... 97 

" Olefiant 82 

Gelatin 230 

German silver 173 

Glass 1 10 

Glazing of pottery- | 

ware j" ^^ 

Gluten 19 J 

Glue 2 }o 

Glycerin 219 
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Gold 162 

Graphite 07 

Gu.u 186 

" Arabic 186 

" Benzoin 226 

*' Lac 226 

Gun-cotton 189 

Gunpowder 12) 

GutLa-percha 228 

Gypsuui 139 

Halogens 102 

Hartshorn 47 

Heat 18,33 

Hematite 154 

Homologous bodies. 200 

Humus 204 

Hydrates 30,58 

Hydraulic cement . . . 137 

Hydrocarbons 85 

Hydrogen 50 

Hydrogen sodium \ 

carbonate j 34 

Hydrogen sulphide. 117 
Hydrogen, Heavy \ « 

car Du retted — j 
Hydrogen, Light * g 

carouretted [ 

Hydrogen phos- 1 

phide ) 

Hydrogen potas- [ « 

slum carbonate , ^^ 
Hydrogen tones 55 

India-rubber 227 

Indigo 217 

Ink 212 

" Printers* 103 

Iodine 107 

Iridium 169 

Iron 148 

" Carbonate 154 

" Disulphide . ... 155 

" Oxide X54 

" Sulphate 155 

" Sulphuret 265 

Isomerism 183 

Ivory-black 65 

Kerosene 2o3 

Lampblack 70 

Laudanum 213 

Laughing-gas 46 

Lead 159 

" Acetate 161 

" Black 67 

" Carbonate 161 

" Dioxide 161 

" Red 161 
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" Tree 161 

" White i6x 

Leather aix 

Light 18 
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'* Caroonate of. . . 138 
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Lye 128 

Madder 217 

Magenta 207 

Magnesium 141 

" Carbonate 141 

" Citrate 211 
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Malleable irj.i 151 

Malt 193 

Manganese 155 

Marble 138 

Marl 138 

Marsh-gas 81 

Marsh-gas series.... 200 

Marsh*s test 124 

Matches • 121 

Mathematics of ) 
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Mauvre 207 

Mercury 170 

" Chloride 171 

Metals 126 

" Alkalies 126 
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Metals, Earths 143 

" Noble 162 

" Useful 148 

Methyl 200 
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Mirrors 171 

Mixed gases 52 
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Morphine 214 

Mortar 137 
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Nickel 173 
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THE NATIONAL SERIES OF STANDARD SCHOOL-BOOKS. 



G EOGRAPH Y. 

MONTEITH'S SYSTEM. 

TWO-BOOK SERIES. INDEPENDENT COURSE. 

Elementary Geography. 

Comprehensive Geography (with 103 maps). 

13^ These volumes are not revisions of old works, not an addiiion to any series, 
but are entirely new productions, — each by itself conii)lete, indeiHJudent, conipiohen- 
sive, yet simple, brief, cheap, and popular ; or, taken together, the most adiiiir^ble 
*• series " ever ottered for a common-school course. They, present the following features, 
skilfully interwoven, the student learning all about one country at a time. Always 
revise<l to date of printinij. 

LOCAL GEOGRAPHY. — Or, the Use of Maps. Important features of the maps 
are the coloring of, States as objects, and the ingenious system for laying down a much 
larger number of names for reference than are lound on any other maps of same size, 
and without crowding. 

PHYSICAL GEOGRAPHY. — Or. the Natural Features of the Earth ; illus- 
trated by tlic original and striking relief maps, being bird's-eye views or photographic 
pictnri's of the earth'^ sniface. 

DESCRIPTIVE GEOGRAPHY. — Including the Physical: with some account 
ofGovpiTinients and Rjices. Animals, &c. 

HISTORICAL GEOGRAPHY. — Or, a brief summary of the salient points of 
history, explaining the pi-esent distribution of nations, origin of geographical 
names. &c. 

MATHEMATICAL GEOGRAPHY. — Including Astronomical, which describes 
the Kari.h'A ]x>sitinn and cliaracter among planets ; also the Zone^, Parallels, &c. 

COMPARATIVE GEOGRAPHY. — Or, a system of analogy, connecting new 
lessons with the previous ones. Comjiarative sizes and latitudes ai*e shown on the 
mannn of each map, and all countries are measured in the *' frame pf Kansas." 

TOPICAL GEOGRAPHY. — Consisting of questions for review, and testing 
the student's general and specific knowledge of tlie subject, witli sug|,estions for 
geographical compositions. 

ANCIENT GEOGRAPHY. — A section devoted to this subject, with maps, will 
be appreciated by teachers. It is seldom taught in our common schools, i>ec'uuHe it 
has heretofore required the luirchase of a separate book. 

GRAPHIC GEOGRAPHY, or Map-Drawing by Allen's "Unit of Measure- 
nent " system (now almost universally recognized as without a rival), is introduced 
jhn)up:hont the lessons, and not as an aiij^ndix. 

CONSTRUCTIVE GEOGRAPHY. — Or, Globe-Making With each book a set 
of map segments is fumislicd, with which each student may make hid own glolie by 
lollowing the directions given 

RAILROAD GEOGRAPHY. — With a grand commercial map of the United 
States, illustrating steamer and railroad routes of travel in the United States, submarine 
telegraph lines, &c. Also a " Practical Tour in Europe.** 



MONTEITH AND McNALLY'S SYSTEM. 

THREE AND FIVE BOOKS. NATIONAL COURSE. 

Monteith's First Lessons in Geography. 
Monteith's New Manual of Geography. 
McNally's System of Geography. 

The new edition of McNally's Geography is now ready, rewritten thron?;hout by 
James Monteith and S. C. Frost. In its new dress, printed fnmi ntw lype, and illns< 
trated with IOC new cnuravings. it is the latest, most attnictivei as well as the moi»t 
tiioroughly practi'^al book on geography extant 
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THE NATIONAL SERIES OF STANDARD SCHOxjL-BOOKS. 
DAVIES AND PEOK'S ARITHMETICS. 

« 
OPTIONAL OR CONSECUTIVE. 

The best thonglits of tljcse two illustrious iiiatlieinaticians are eombiued in tlie 
following beautiful works, which are the natural successors of Davies's Arithmetics: 
sumptuously printed, and bound in crimson, green, and gold: — 

Davies and Peck's Brief Arithmetic. 

Also called tlic " Elementary Arithmetic." It is the shortest presentation of the snb- 
jettt, and is adiquutii for all grades in common schools, being a thorough introduction to 
pnictical life, except for the specialist 

At lirst the autuors play with the little learner for a few lessons, by object-teachinj; 
and kindred allurements ; but he soon begins to realize that study is earnest, as lie 
>>ciomcs familiar with the simpler operations, and is delighted to liud himself master ot 
important resulis. 

The second part reviews the Fundamental Operations on a scale proportioned li- 
the ttiihirged intelligence of the learner. It establishes the General Principles and 
Properties of Numbers, and then proc-Qeds to PVactious. Currency and the Metric 
bysteni are fully treated in connection with Decimals. Compound Numbers and Re- 
duction follow, and finally Percentage with all its varied ai>i)lic«'jtions. 

An Index of words and principles concludes the Ixiok, for which every scholar and 
most teachers will be gnitefnl. How much time has been s^tent in scarcluDg for a half- 
forgotten detinition or principle in a former lesson I 

Davies and Peck's Complete Arithmetic. 

This work certainly deserves its name in the best sense. Though complete, it is not, 
like most others which bear the same title, cumbersumr. These authors excel in clear, 
lucid demonstrations, teaching the science pure and simple, yet not ignoring convenient 
methods and practical applications. 

For turning out a tliorough business man no other work is so well adapted- He will 
have a dear comprehension of the science as a whole, and a working acquaintance 
with dctjiiis which must serve him well in all emergencies. Distinguishing features of 
the book are the logical progression of the subjects and the great variety of practical 
jtroblcmR, not puzzles, which are beneath the dignify of educational science. A clear- 
minded critic has said of Dr. Peck's work that it is free fi*om that juggling with 
numbers whicli some authors falsely call " Analysis." A series of Tables f<ir converiing 
ordinaiy weights and measures into the Metric System appear in the later editions. 



PECK'S ARITHMETICS. 

Peck's First Lessons in Numbers. 

This iKJok begins with i)ictorial illustrations, and unfolds gradually the science of 
numbers. It noticeably simplifies the subject by develojting the princii>les of addition 
and subtraction sinmltaneously ; as it does, also, those of multiplication and division. 

Peck's Manual of Arithmetic. 

This book is designed especially or those who seek suflTicient instruction to carry 
them su(tcessfully through practical life, but have not time for extended study. 

Peck's Complete Arithmetic. 

This com]ileles the series but is a much briefer book than most of the comi»lete 
arithmetics, and is recommended not only for what it contains, but also for what is 
omitfed. 

It mny be said of Dr. Peck's books more trnly than of any other series published, llmt 
they are clear and simple in definition and rule, and that superfluous matter <.f c\cry 
kind has l)een faithfully eliminated, thus magnifying the working value of the. bi»ok 
«ud saving unnecessary expense of time and labor. 
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BARNES'S NEW MATHEMATICS. 

In this series Joseph Ficklin, Ph, D., Professor of Mathematics and Astronomy 
in tiie University uf Missouri, has combined ah the best and latest results of practical 
anil experimental teaciiiug uf arithmetiu with tlie assistauue of uuuiy distiuguisi.ud 
mathematical autiiors. 



Barnes's Elementary Arithmetic. 
Barnes's National Arithmetic. 

'J Ijese two works constitute a cortiplete aritkmetical course in two hooks. 

They meet the demand for text-books that will help students to acquire the greatest 
amount of useful and practical knowledge of Arithmetic by the smallest expenditure of 
tune, /iihor, and luuney. Nearly every topic in Written Arithmetic is introduced, and its 
principles illustrated, by exercises in Oral Arithmetic. The free use of Etpiations ; tlie 
concise method of combining aud treating Properties of Numbers; the treatment of 
Multiplication and Division of Fractions in <wt> cases, and then reduced to c/n*,- (Jah- 
fellation by the use of the vertical line, especially in Fi'actions, Interest, and l*roportion ; 
tlie brief, simple, and greatly superior method of working Partial Payments by the 
*• Time Table " and Cancellation ; the substitution of formulas to a great extent for 
rules ; the full and practical treatment of the Metric System, &c., indicate their com- 
pleteness. A vurltltj of metliods and processes for the iuvie lojpic, which deprive the 
pupil of the great benefit of doing a part of the thinking and labor for himself, Imve 
been discarded. The statement of princii)les, delinitiimsi rules, &c., is brief and simple. 
The illustrations and methods are explicit, direct, aud practical The great number 
anil variety of Examples embody the actual business of the day. The very lai-ge 
amount of matter condensed in so small a compass lias been accomplished by econo- 
mizing every line of space, by rejecting superiiuous matter aud obsolete terms, and by 
avoiding the repetition of analyses, explanations, and operations in the advanced tojucd 
which have been used in the more elementary part^ of these books. 

AUXILIARIES. 

For use in district schofds, and for supjilying a text-book in advanced work for 
classes having flnished the course as given in the onlinary Practical Arithmetics, thu 
National Arithmetic Inis been divided and bound separately, as follows : — 

Barnes's Practical Arithmetic. 

Barnes's Advanced At^thmetic. 

In many schools there are chusses that for various reasons never reach beyond 
Percentage. It is just such cases where Jktmes's Practical ArithmeHc will answer a 
g<uHl purpose, at a price to the pupil much less than to buy the complete \toi,k. On tho 
other hand, cl-isses having ftni-died the oixlinary Practical Arithmetic can proceed 
with the higher course by using Barnes's Advanced Arithmetic. 

For primary schools requiring simply a table book, and the earliest rudiments 
forcibly presented through object-teaching and copious illustiations, we liave 
prepared 

Barnes's First Lessons in Arithmetic, 

which begins with the most elementary notions of nunil>era, and proceeds, by simple 
steps, to develop all the fundauiental principles of Arithmetic. 



Barnes's Elements of Algebra. 

This work, as its title indicates, is elementary in its character and snitable for use, 
(I) in such public schools as give instruction in the Elements of Algebra : (2) in institu- 
tions of learning whose courses of study do not include Higher Algebra ; (3) in schools 
whose object is to prepare students for entian(^e into our colleges and universities. 
This book will also meet the wants of students of Physics who recjuire some knov/Jodgeot 
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Algebra. The student's progress in Algebra depends very largely up<»n the proper treat* 
nieut of the four FunduumUai Operations. The tenns Addition, Subtraction, Multipli cation ^ 
and Division in Algebra have a wider meaning than in Arithmetic, and these operations 
have been so delined as to include their arithmetical meaning ; so that the beginner 
is siirply called upon to enlarge his views of those fundamental operations. Mucli 
attention has been given to the explanation of the negative sign, in order to remove the 
well-known difficulties in the use and inten>retittion of that sign. Special attention is 
here called to " A Short Method of Removing Symbols of Aggregation," Art 76. On 
account of their importance, the subjects of Factoring, Greatnt Common Divisor, and 
Least Common Multiple have been treated at gi-eater length than is usual in elementary 
works. Id the treatment of Fractions^ a method is used which is quite simple, and, 
at the same time, more general than that usually employed. In connection with Radical 
Quantities the roots aie expressed by fractional exponents, for the principles and rules 
applicable to integral exponents may then be used without modification. The Equation 
is made the chief subject of thought in this work. It is defined near the beginning, 
and used extensively in every chapter. In addition to this, four chapters are devot^ 
exclusively to the suhject of Equations. All Proportions are equations, and in their 
treatment as such all the difficulty commonly connected with the subject of Proportion 
disappears. The chapter on Logarithms will doubtless be acceptable to many teachers 
who do not require the student to master Higher Algebra before entering ai>on the 
study of Trigonometry. 



HIGHER MATHEMATICS. 
Peck's Manual of Algebra. 

Bringing the nietho<ls of Bourdon within the range of the Academic Coursa 

Peck's Manual of Geometry. 

By a method purely pi-actical, and unembarrassed by the details which rather confiise 
than simplify science. 

Peck's Practical Calculus. 
Peck's Analytical Geometry. 
Peck's Elementary Mechanics. 
Peck's Mechanics, with Calculus. 

The briefe.*iit ti-eatises on these subjects now published. Adopted by the great Univer- 
siti&s : Yale, Harvard, Columbiji, Trinceton, Cornell, &c. 

Macnie's Algebraical Equations. 

SerA'ing as a complement to tlie more advanced treatises on Algebra, giving special 
attention to the analysis and solution of equations with numerical coefficients. 

Church's Elements of Calculus. 

Church's Analytical Geometry. 

Church's Descriptive Geometry. With plates. 2 vois. 

These volumes constitute the "West Pqjnt Course** in their several departments. 
Prof. Church was long the eminent professor of matheniati(;s at West Point Military 
Academy, and his works are standard in all the leading colleges. 

Courtenay's Elements of Calculus. 

A standard work of the very highest grade, presenting the most elaborate attainable 
survey of the subject 

Hackley's Trigonometry. 

With applications to Navigation and Surveying, Nautical and Practical Geometry, 
and Geodesy. 
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lUSTURV — CwUiiuteil. 

12. Historical Recreations. — These are OiMitionnl questions to test the student's 
Iviiowledge, in review, as: "What trees are celebrated in our history?" "When 
did a fo^ save our army?" "W^hat Presidents die<l in office?'' "When was the 
Mississiiipi our western boundary?" *' Who said, 'I would rather be right than 
rresidenf ?"&c. 

13. The Illustrations, about seventy in numl>er, are the work of our best artists 
and en;;ravers, pnxluceil at great expense. They are vivid and interesting, and mostly 
U]>on subie-ts never before illustrat,ed in a school-book 

14 Dates — Only the leading dates are given in the text, and these are so assooiatod 
as to assist the memory, but at the head of each page is the date o!* the event hi>t 
mentioned, and Jit the close of each epoch a summary of events and dates. 

15. The Philosophy of History is sttuliously exhibited, the causes and effects 
of events bein*; disinicLly tmce.l and their int<;r-connection shown. 

16. Impartiality. — All sectional, partisan, or denominational views are avoid'^d. 
Facts are stated alter a careful couipavisou of all authorities without the least prejudice 
or favor. 

17. Index. — A verbal index at the close of the book perfects it as a work of refcrenca 
It will be observed that the al»ove are all i)articnlars in wlnVh Sch«v«l Tllstopos have 

been signally defective, or altogether wanting. Many other claims to favor it shares in 
connuon wjth its predecessoi"s. 



TESTIMONIALS. 



From Prof. Wm. F. Allen, Slate Uiti- 
versHy of Wisconsin. 

"Two features that I like rcri/ murk 
arc tlie nnecilntes at the foot of the pajro 
and the * llistorical Recreations' in tlie 
Appendix. The latter, I think, is quite 
a w'" feature, and the other is very well 
executed." 

From Hon. Newton Bateman, Snperin- 
tendent Public Instruction ^ Illinois. 

*'R'imes's One-Term History of the 
United States is an exceedingly attrac- 
tive and spirited little book. Its claim 
to several new ami valuable features seems 
well founded. Un<ler the fonn of six well- 
defined epochs, the history of the United 
States is traced tersely, yet pithily, from 
the earliest times to the present day. A 
good map precedes each epoch, whereby 
the history and geography of the period 
may be studied t^igether, as thy always 
shovl I he. Tiie syllabus of eatdi paragraph 
is made to stand in such bold relief, by 
tiie use of large, heavy type, as to be of 
much mnemonic value to the student. The 
book is writti^n in a sprightly jind jii- 
quant style, the interest never flag;,'ing 
fi-oni beginning to end, — a rare and diffi- 
cult achievement in works of this kind." 

From Hon. Aunkr .T. Phipps, Siperia- 
ten.lfut Skoals, L'vriston, Maine. 

'* Barnes's History of the Uuitcd States 



has been used for sovenl years In fVe 
Lewiston schools, and has i>n>ved a very 
satisfactory work. I have examined the 
new edition o.it" 

From Hon. R. K. Bitchei.l, Cily Sitpertn- 
tcnde.nl 5. hools, Lnncastrr, Pn. 

" It is the best history of the kind I have 
ever seen." 

From T. J. Charlton, Superintenlent 
Public S»'h(H)ls, VmcmneSy Ind. 
" We have used it here for six years, 
and it has given almost ]>errect satisfac^ 
tion. . . . The notes in fine print at the 
bottom of the pages are of especial value." 

From Prof. Wm. A. Mowrv, E. J- C. 
Sr/mol, Providrncr^ R. /. 

" Permit me to express my high appre- 
ciation of your book. I wish all text- 
books for the young had ctiual ment." 

From Hon. A. M Ketley, City Allnmey, 
Late Mayor, and Prrsident of the School 
Board, City of Ifirkmond, Fa. 

" I do not hesitate to volunteer to you 
the 0]»iuion that lJ.inie.s'8 History is en- 
titled to the ])refercn<'e in almost every 
resjiect that distinguishes a good school- 
book. . . . The narrative genenillyexhiltits 
the tem]>er of tliejud^e; rarely, if ever, 
of the advocate.'* 
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DRAWING. 

BARNES'S POPULAR DRAWING SERIES. 

Based upon the experience of the most successful teachers of drawing in the United 
Klates. 

The Primary Course, consisting of a manual, ten cards, and three primary 
drawing booKs, A, B, and (J. 

Intermediate Course. Four numbers and a manual. 

Advanced Course, t'our numbers and a manual 

Instrumental Course. Four numbei-s and a manual. 

'Ihe luteriuediate. Advanced, and Instrumental Courses are furnished either in book 
or card Ibrm at the same prices. The books contain the usual blanks, with the unusual 
advantage of opening Irom tlie pupil, — placing the copy directly in front and above 
the blank, thus occupying but little desk-room. The curds ai-e in the end more econoiii- 
ical than the books, if used in connection with the patent blank folios that accompany 
this series. 

The cards are arranged to be bound (or tied) in the folios and removed at pleasure. 
The pu]>il at the end of each number has a complete book, containing only his own 
work, while the copies are preserved and inserted in another foLo ready for use in the 
next class. 

Patent Blank Folios. No. l. Adapted to Intermediate Course. No. 2. Adapted 
to Advanced and instrumental Courses. 

ADVANTAGES OF THIS SERIES. 

The Plan and Arrangement. — The examples are so arranged that teachers and 

fupils can see, at a glance, how they are to be treated and where they are to lie copied. 
n this system, copying and designing do not receive all the attention. The plan is 
broader in its aims, dealing with drawing as a branch of common-school instrucjtion, 
aiMi giving it a wide educational value. 

Correct Methods. — In this system the pupil is led to rely upon himself, and not 
ui)()n delusive mechanical aids, as printed guide-marks, &a 

One of the principal objects of any good course in freehand dmwing is to educate the 
eye to estimate location, form, and siza A system which weakens the motive or i-e- 
moves the necessity of thinking is false in theory and ruinous in practice. The object 
should be to educate, not cram ; to develop the intelligence, not teach tricks. 

Artistic Effect- — The beauty of the examples is not destroyed by crowding the 
pages with useless and badly printed text The Manuals contain all necessary 
instruction. 

Stages of Development. — Many of the examples are accompanied by diagrams, 
shownig the difterent stages of development 

Lithographed Examples. — The examples are printed in imitation of pencil 
drawing (not in hard, blatiK lines) that the pupil's work may resemble them. 

One Term's Work. — Each lM>ok cimtains what c^n be accomplished in an average 
term, ami no more. Thus a \)\x\n\ jinishes one l)Ook before beginning another. 

Quality — not Quantity. — Success in drawing depends upon the amount of Ihtnight 
exercised by the j)ujul, and not upon the large number of examples drawn. 

Designing. — Elementary design is move skilfully taught in this system than by 
any otlier. m addition to the instruction given in the books, the pupil will liud priLted 
on the insides of the covers a variety of beautiful pattenis. 

Enlargement and Reduction. — The practice of enlarging and reducing from 
copies is not commenced uniil the pupil is well advanced in the course and therefore 
better able tf» cope with this difficult feature in drawing. 

Natural Forms. —This is the only course that gives at convenient intervals easy 
and progrossive exercises in the drawing of natural fonns. 

Economy. — By the patent binding described above, the copies need not be thrown 
aside when a book is filled out, but are preserved in perfect condition for future use. 
The blank books, only, will have to be purchased after the first introduction, thus effect- 
ing a saving of m(»re than half in the usual cost of drawing-books. 

Manuals for Teachers. —The Manuals accomi)anying this series contain practical 
instructions for conducting drawing in the class-n)om, with definite directions for draw- 
ing each of the exaniples in the books, instructions for designing, model and object 
drawing, drawing from natural forms, ftic. 
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DR. STEELE'S ONE-TERM SERIES 
IN ALL THE SCIENCES. 

Steele's 14-Weeks Course in Chemistry. 
Steele's 14-Weeks Course in Astronomy. 
Steele's 14-Weeks Course in Physics. 
Steele's 14-Weeks Course in Geology. 
Steele's 14-Weeks Course in Physiology. 
Steele's 14-Weeks Course in Zoblogy. 
Steele's 14-Weeks Course in Botany. 

Our text-books in these studies are, as a general thing, dull and uninteresting. 
They cuntain from 400 to 000 pages of dry facts and unconnected details. Tliey al)ound 
in that wliic^h tlie student cannot learn, much less renieuiber. Tlie i)upil commence!} 
the study, is confused by the fine print and coarse print, and neitlier knowmg exactly 
what to learn nor what to hasten over, is crowded through the single tenn generally 
assigned to eacli branch, and frequently comes to the close without a definite and exa<;t 
idea of a single scientific principle. 

Steele's " Fourteen- Weeks Courses " contain only that which every well-informed i>er- 
son sliould know, while all that which concerns only the professional scientist is omitted. 
The language is clear, simple, and interesting, and the illustrations bring the subject 
within the range of home life and daily experience. They give such of the general 
principles and the prominent facts as a i»ui»il can make familiar as household woixls 
within a single term. The type is large and open ; there is no fine print to annoy ; 
the cuts are copies of genuine experiments or natural phenomena, and are of fine 
execution. 

In fine, by a system of condensation peonliarly his own, the author reduces each 
branch to tile limits of a single term of study, while sacrificing nothing that is essential, 
and nothing that is usually retained from the study of the larger manuals, in common 
use. Thus the student has rare oi»portunity to ecunomizehis time, or rather to employ 
that which he has to the best advantage. 

A notable feature is the author's charming "style," fortified by an enthusiasm over 
his subject in which the student will not fail to partake. Believing that Natuml 
Science is full of fascination, he has moulded it into a form that attracts the attention 
and kindles the enthusiasm of the pupil. 

The recent editions contain the author's '* Practical Questions " on a plan never 
before attempted in scientific text-books. These are questions as to the nature and 
cause of common phenomena, and are not directly answered in the text, the design 
being to test and promote an intelligent use of the student's knowledge of the foregoing 
lirincii»les. 

Steele's Key to all His Works. 

This work islnainly composed of answers to the Practical Questions, and solutions of the 
problems, ill the author's celebrated *' Fourteen-Weeks Coui-ses " in the several sciences, 
with many hints to teachers, minor tables, &c. Should be on every teacher's desk. 

Prof. J. Dorman Steele is an indefatigable student, as well as author, and his books 
have reached a fabulous circtilation. It is safe to say of his books that they have 
ac(^omplished more tangible and better results in the class-room than any other ever 
offered to American schools, and have been translated into more languages for foreign 
schools. They are even produced in raised type for the bliiid. 
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MODERN LAN GUAGES. 

A COMPLETE COURSE IN THE GERMAN. 

r>y James H. Worman, A.M., Professor of Modern Lanyuaijeb in the Adelphi Acad- 
<niy. ijroorvlyn, L. I. 

Worman's First German Book. 
Worman's Second German Book. 
Worman's Elementary German Grammar. 
Worman's Complete German Grammar. 

Tliese volumes are designed for intermediate and advanced elysses respectively. 

Though following the same general method with " Otto " (that of '* Gaspey ''), our 
author difl'ers essentially in its application. He is more practical, more systematic 
more accurate, and besides introduces a number of invaluable features which have 
Uvjver before been combined in a German grammar. 

ATuong other things, it may be claimed for Professor Worman that he has been t?i« 
first to introduce, in an American text-book lor learning German, a system of analogy and 
coiiiparison with other languages. Our best teachers are also enthusiastic about his 
methods of xnculcatiug the art of speaking, of uudeostanding the spoken language, •»! 
correct ijronunciation ; the sensible and convenient original classiti cation of nouns (iu 
lour declensions), and of irregular verbs, also deserves much praise. We also note the 
use ol heav^ type to indicate etymological changes in the paradigms and, in the exer- 
«'is(j8, the parts which specially illustrate preceding rules. 

Worman's Elementary German Reader. 
Worman's Collegiate German Reader. 

The finest and most juilicious compilation of classical and standard German literatura 
Thcie works eml)riice, progressively arranged, selections from the masterpieces of 
Goethe, Schiiler, Korner, Seuine, Uhland, Freiligrath, Heine, Schlegel, Holty, Lenau, 
WieliUid, Herder, Lessing, Kant, Fichte, Schelling, Winkelmann, Uuuiboldt, Ranke, 
liaumer, Menzel, Gervinus, &c., and contain complete Goethe's ** Iphigenie," Schiller's 
"Jungfrau;" also, for instruction in modern conversational Gorman, Benedix's 
" Eigensinn." 

Tliere are, besides, biographical sketches of each author contributing, notes, explan- 
atory and philological (after the text), grammati<!al re erencos to all leading grammars, 
as well as the etlitor's own, md an adequate Vocabulary. 

Worman's German Echo. 

Worman's German Copy-Books, 3 Numbers. 

On the same plau as the most approved systems for English penmanship, with 
progressive copies. 

chimutauqua series. 

First and Second Books in German. 

By the natural or Pestalozzian System, for teaching the language without the help 
of the Learner's Vernacular. By James H. Worman, A. M. 

These books belong to the new Chautauqua German Language Series, and are in- 
tended for beginners leaniing to speak German. The peculiar features of its metho^l 
are : — 

L It teaches the language by direct appeal to illustrations of the objects 
referred to, and does not allow the student i«> i4.u\ss wliat is said. He speiiks from the 
tirst hour andtrstamlhiijUi .-nul accurutdn. Thon-fore, 

2. Grammar is taiaght both analytically and synthetically throughout tht 
course. The beginning is made with the auxiliuries of tense and mood, l>ecause their 
kinship with the English makes them easily intelligible ; then follow the declensions of 
nouns, articles, and other parts of speech, always systematically arranged. It is ea.sy 
to confuse the pupil by giving him one person or one case at a time. This pernicious 
practice is discarded. Books that beget unsystematic habits of thought are worse than 
wortlless. 
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FRENCH, 

Worman's First French Book. 

Oil 8ame plan as the German ami Spanish. The scholar reads and speaks from Uie 
first hour understandingly and accurately. 83 pages. 

Worman's Second French Book. 

Continues the work of the First Book, and is a valuable Elementary French Reader 
90 pages. 

Worman's Le Questionnaire. 

Exercises on the First French Book. "98 pages. Cloth. 

Worman's Grammaire Francaise. 

Written in simple French, but based on English analogy. It therefore dwells npon th* 
Essentials, especially those whieh point out the variations of the French from the 
student's vemiacular. 184 pp. 

Worman's Teacher's Hand-Book. 

Or Key to the Grammaire Francaise. 

Worman's French Echo. 

This is not a mass of meaningless and parroi-like phrases thrown together for 
a tourist's use, to bewilder him when in the presence of a Frenchman. « 

The " Echo de Paris " is a strictly progressive converscUionnl book, beginning with sim- 
ple phrases and leading by frequent repetition to a mastery of the idioms and of the 
•very-day langtiage used iu business, on travel, at a hotel, in the chit-chat of 
society. 

It presupposes an elementary knowledge of the language, such as may be acquired 
from the First French Book by Professor Worman, and furnishes a running Frenfih 
textf allowing the learner of course to find the meaning of tlie words (in the api>ended 
Vocabulary), and forcing him, by the absence of English in the text, to think in 
French. 



Cher Monsieur Worman, — Vousme 
demandezmtm opinion survotre "Echode 
Paris" et quel usage j'en fais. Je ne 
saurais mieux vous repondre qu'en repro- 
duisant une lettre que j'ecrivais derniere- 
mnnt 4 un collogue qui ^tait, me disait-il, 
" bien fatigue dd ces insipides livres de 
dialogues. " 

" Vous ne connaissez done pas,** lul 
disais-je, " * I'Echo de Paris,' edite par le 
Professor Worman? C'est un veritable 
tresor, merveilleusement adai)te au devel- 
oppement de la conversation famili^re et 
pratique, telle qu'(m la veut aujourd'hui. 
Get excellent livre met successivement en 
sc^ne, d'une mani^re vive et int^ressante, 



toutes les circonstances possibles de la vie 
ordinaire. Voyez I'immense avantage 
il vous transiwrte en France ; du premier 
mot, je m'imagine, et mes Aleves avec moi, 
que nous sommes k Paris, dans la rue, sur 
une place, dans une gare, dans un salon, 
dans une chambre, voire m^uie k la cui- 
sine : je parle comme avec des FrauQais ; 
les el6ves ne songent luis a traduire . de 
I'auglais pour me repondre ; ils pensent 
en franQaie ; ils sont Fran^ais pour le 
moment par les yeux, par I'oreille, par la 
pensee Quel autre livre pourrait produire 
cette illusion ? . . ." 

Votre tout a6vou6, 

A. DE RonOEMOMT. 



Illustrated Language Primers. 

French and Enolish. German and English. 

Spanish and English. 

The names of common objects properly illustrated and arranged in easy lessons. 

Pujol's Complete French Class-Book. 

Offers in one volume^ methodically arranged, a complete French course — usually 
embraced in series of rrom five to twelve books, inclu'ling the bulky and expensive 
lexicon. Here are grammar, conversation, and choice literature, selected fh>m the 
best French authors. Each branch is thoroughly handled ; and the student, having 
diligently completed the course as prescribed, may consider himself, without further 
application, au/aU in the most polite and elegant language of modem times. 

67 



